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^ÄÄK=QP=aΩëÉåÇìêÅÜãÉëëÉêîÉêÖäÉáÅÜL=j~ëëÉåëíêçã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SR 
^ÄÄK=QQW=aΩëÉåîÉêÖäÉáÅÜ=EaìêÅÜãÉëëÉê=MIP=ããFL=j~ëëÉåëíêçã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SS 
^ÄÄK=QRW=qÉãéÉê~íìê~ÄÜ®åÖáÖÉê=j~ëëÉåëíêçãL=aΩëÉåÇìêÅÜãÉëëÉê=MIP=ããKKKKKKKKKKKKKKKKKKKKKKK ST 
^ÄÄK=QSW=aΩëÉå~ìëï~ÜäKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SU 
^ÄÄK=QTW=p~ìíÉêÇìêÅÜãÉëëÉê=áå=^ÄÜ®åÖáÖâÉáí=îçå=ÇÉê=qÉãéÉê~íìê=EMIR=ãã=aΩëÉF KKKKKKKKKKKKK SV 
^ÄÄK=QUW=qêçéÑÉåÖê∏≈ÉåîÉêíÉáäìåÖ=MIR=ãã=aΩëÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TM 
^ÄÄK=QVW=aΩëÉåîÉêÖäÉáÅÜ=ãáííÉäë=p~ìíÉêÇìêÅÜãÉëëÉê KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TN 
^ÄÄK=RMW=aΩëÉåîÉêÖäÉáÅÜ=ÅÜ~ê~âíÉêáëíáëÅÜÉ=aìêÅÜãÉëëÉêKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TO 
^ÄÄK=RNW=aΩëÉåîÉêÖäÉáÅÜ=ãáííÉäë=qêçéÑÉåÖê∏≈ÉåîÉêíÉáäìåÖKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TO 
^ÄÄK=ROW=oÉä~íáîÉ=_êÉáíÉ=ÇÉê=qêçéÑÉåëéÉâíêÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TP 
^ÄÄK=RPW=`Ü~ê~âíÉêáëíáëÅÜÉ=aìêÅÜãÉëëÉê=áå=^ÄÜ®åÖáÖâÉáí=ÇÉë=wÉêëí®ìÄìåÖëäìÑíÇêìÅâÉëKKKKKKK TQ 
^ÄÄK=RQW=qêçéÑÉåÖÉëÅÜïáåÇáÖâÉáí=áã=péêΩÜâÉÖÉäòÉåíêìãKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TR 
^ÄÄK=RRW=qêçéÑÉåÖÉëÅÜïáåÇáÖâÉáí=çêíÜçÖçå~ä=òìê=aΩëÉå~ÅÜëÉ=E^Äëí~åÇ=òìê=aΩëÉ=NMM=ããF K TS 
^ÄÄK=RSW=qêçéÑÉåê~íÉ=çêíÜçÖçå~ä=òìê=aΩëÉå~ÅÜëÉ=E^Äëí~åÇ=òìê=aΩëÉ=NMM=ããFKKKKKKKKKKKKKKKKKK TS 
^ÄÄK=RTW=qêçéÑÉåê~íÉ=~ñá~äI=OÉê=aΩëÉå~êê~ó=LaêK=e®ÇêáÅÜI=pfsrp=ÖdãÄeX=RVL KKKKKKKKKKKKKKKKKKK TT 
^ÄÄK=RUW=péêΩÜïáåâÉä=íÉãéÉê~íìê~ÄÜ®åÖáÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TU 
^ÄÄK=RVW=qêçéÑÉå~ìÑå~ÜãÉ=áã=cäìÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK UM 







^ÄÄK=SSW==c~êÄíêçéÑÉå=ESBF=~ìÑ=ÄÉåÉíòíÉê=lÄÉêÑä®ÅÜÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK UP 
^ÄÄK=STW==wÉáí~ÄÜ®åÖáÖÉI=êÉä~íáîÉ=cä®ÅÜÉåòìå~ÜãÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK US 
^ÄÄK=SUW=wÉáí~ÄÜ®åÖáÖÉ=cä®ÅÜÉåÇÉÅâìåÖ=EQ=Ä~êX=MIU=ÖLãáåF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK UV 
^ÄÄK= SVW= sÉêÖäÉáÅÜ= ÇÉê= íÉãéÉê~íìê~ÄÜ®åÖáÖÉåI= éêçòÉåíì~äÉå= ûåÇÉêìåÖ= aPLO= ìåÇ= í= ÑΩê=
ca=Z=VMB KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK VM 
^ÄÄK=TMW=sçäìãÉå~ÄÜ®åÖáÖÉ=cä®ÅÜÉåÇÉÅâìåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK VN 
^ÄÄK=TNW=cä®ÅÜÉåÄÉÇÉÅâìåÖ=J=wÉêëí®ìÄìåÖëäìÑíÇêìÅâ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK VO 
^ÄÄK=TOW=pÅÜÉã~ÄáäÇ=ÇÉê=páãìä~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK VQ 
^ÄÄK=TPW=bêÖÉÄåáëëÉ=páãìä~íáçåëëÅÜêáíí=fK=EÄáäÇäáÅÜÉ=a~êëíÉääìåÖF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK VS 
^ÄÄK=TQW=jáííäÉêÉI=ÄÉêÉÅÜåÉíÉ=c~êÄëÅÜáÅÜíÇáÅâÉ=ÄÉá=ÉáåÉê=cä®ÅÜÉåÇÉÅâìåÖ=îçå=VM=B KKKKKKKKK VT 
^ÄÄK=TRW=pÅÜáÅÜíÇáÅâÉåîÉêä~ìÑ=ÑΩê=QMø`=ìåÇ=UMø`=E^ÄÄêìÅÜâêáíÉêáìã=ca=Z=VMBF KKKKKKKKKKKKKKK VT 
^ÄÄK=TSW=páãìä~íáçåëÉêÖÉÄåáëëÉL=ÄÉêÉÅÜåÉíÉê=hìêîÉåîÉêä~ìÑ=EÑΩê=SM=ø`FKKKKKKKKKKKKKKKKKKKKKKKKKK VU 
^ÄÄK=TTW=cä®ÅÜÉåÄÉÇÉÅâìåÖëîçêÖ~åÖ=EíÉãéÉê~íìê~ÄÜ®åÖáÖF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK VV 
^ÄÄK=TUW=sÉêÖäÉáÅÜ=ÇÉê=aìêÅÜãÉëëÉêîÉêÜ®äíåáëëÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NMM 
^ÄÄK=TVW=qÉãéÉê~íìê~ÄÜ®åÖáÖâÉáí=ÇÉë=páãìä~íáçåëÑ~âíçêë=~ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NMM 
^ÄÄK=UMW=pÅÜáÅÜíÇáÅâÉåîÉêä~ìÑ=ÑΩê=QM=ø`=ìåÇ=UM=ø`=E^ÄÄêìÅÜâêáíÉêáìã=c~êÄîçäìãÉåFKKKKKKK NMN 




^ÄÄK= UQW= sÉêÖäÉáÅÜ= ÇÉê= páãìä~íáçåëÉêÖÉÄåáëëÉ= qêçéÑÉåëéÉâíêìãL= ãçåçÇáëéÉêëÉê= c~ää=
EÄáäÇäáÅÜÉ=a~êëíÉääìåÖFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NMU 
^ÄÄK=URW=pÅÜáÅÜíÇáÅâÉåîÉêÖäÉáÅÜ=êÉ~äÉë=qêçéÑÉåëéÉâíêìãL=ãçåçÇáëéÉêëÉë=péêΩÜ KKKKKKKKKKKKK NMV 
^ÄÄK=USW=páãìä~íáçåëÑ~âíçê=~=qêçéÑÉåÖê∏≈ÉåëéÉâíêìãL=ãçåçÇáëéÉêëÉê=c~ää KKKKKKKKKKKKKKKKKKKK NNM 
^ÄÄK=UTW=sÉêÖäÉáÅÜ=páãìä~íáçå=êÉ~äÉë=ìåÇ=ãçåçÇáëéÉêëÉë=péêΩÜ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NNM 





^ÄÄK=VPW=cçêíÇêìÅâ=sçääíçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NNT 
^ÄÄK=VQW=PñPJqÉëíÇêìÅâÑçêã KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NNU 
^ÄÄK=VRW=cçêíÇêìÅâ=sçääíçåÑÉäÇ=EPuP=aêìÅâÑçêãFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NNV 




q~ÄÉääÉ=OW=m~ê~ãÉíÉê=òìê=bêãáííäìåÖ=ÇÉë=iÉáëíìåÖëÄÉÇ~êÑë=ÇÉê=c~êÄÉêï®êãìåÖ KKKKKKKKKKKKKKKKKK QU 
q~ÄÉääÉ=PW=dÉçãÉíêáëÅÜÉ=^ÄãÉëëìåÖÉå=ÇÉë=aΩëÉåâ∏êéÉêë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QU 
q~ÄÉääÉ=QW=dÉçãÉíêáëÅÜÉ=^ÄãÉëëìåÖÉå=ÇÉê=wÉêëí®ìÄìåÖëäìÑíâ~å®äÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QV 
q~ÄÉääÉ=RW=s~êá~íáçåëÄêÉáíÉ=ÇÉê=råíÉêëìÅÜìåÖëé~ê~ãÉíÉê=ÄÉòΩÖäáÅÜ=ÇÉê=sáëâçëáí®í KKKKKKKKKKKKK RT 
q~ÄÉääÉ=SW=wìë~ããÉåÑ~ëëìåÖ=ÇÉê=sáëâçëáí®íëìåíÉêëìÅÜìåÖÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK SP 
q~ÄÉääÉ=TW=s~êá~íáçåëÄêÉáíÉ=ÇÉê=råíÉêëìÅÜìåÖëé~ê~ãÉíÉê=j~ëëÉåëíêçã KKKKKKKKKKKKKKKKKKKKKKKKKKKK SQ 
q~ÄÉääÉ= UW= hçåëí~åíÉ= m~ê~ãÉíÉê= ÑΩê= ÇáÉ= _ÉëíáããìåÖ= ÇÉê= qêçéÑÉåÖÉëÅÜïáåÇáÖâÉáí= ìåÇ=
qêçéÑÉåê~íÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TQ 
q~ÄÉääÉ=VW=sçêÖÉëÅÜä~ÖÉåÉ=^êÄÉáíëé~ê~ãÉíÉê=ÉáåÉë=péêΩÜÑ~êÄïÉêâÉëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK TU 
q~ÄÉääÉ=NMW=sáêíìÉääÉê=aìêÅÜãÉëëÉê=ÇÉê=qêçéÑÉå=áã=cäìÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK UP 
q~ÄÉääÉ=NNW=aìêÅÜãÉëëÉê=EîáêíìÉääF=ÇÉê=qêçéÑÉå=~ìÑ=ÇÉã=pìÄëíê~í KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK UQ 
q~ÄÉääÉ=NOW=aáãÉåëáçåëäçëÉ=hÉååò~Üä=h KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK UQ 




q~ÄÉääÉ=NTW=jáâêçëâçé~ìÑå~ÜãÉå=pÅÜêáÑí=EORJÑ~ÅÜ=îÉêÖê∏≈ÉêíF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NOO 







^ = ã²= cä®ÅÜÉ=
wi^ = ã²= wÉêëí®ìÄÉêäìÑíïáêâë~ãÉ=cä®ÅÜÉ=
~ = Åã³= páãìä~íáçåëÑ~âíçê=
at~ = ã= ^Äëí~åÇ=aΩëÉå~ìëÖ~åÖ=òìê=t~äòÉåçÄÉêÑä®ÅÜÉ=
òìä~ = ãã= wìä®ëëáÖÉ=^ÄäÉåâìåÖ=
o_ = xJz= oÉä~íáîÉ=_êÉáíÉ=ÉáåÉê=qêçéÑÉåÖê∏≈ÉåîÉêíÉáäìåÖ=
Ä = ãã= m~éáÉêÄ~ÜåÄêÉáíÉ=
~Ä = ãã= ^ñá~äÉê=aΩëÉå~Äëí~åÇ=
ahÄ = ãã= _êÉáíÉ=aΩëÉåâ∏êéÉê=
c~êÄÉÅ = âgLâÖGh== t®êãÉâ~é~òáí®í=ÇÉê=c~êÄÉ=
a = ”ã= qêçéÑÉåÇìêÅÜãÉëëÉê=
cäìÖa = ãã= qêçéÑÉåÇìêÅÜãÉëëÉê=áã=cäìÖ=
oa = xJz= o~ëíÉêíçåÇáÅÜíÉ=
pìÄa = ãã= qêçéÑÉåÇìêÅÜãÉëëÉê=~ìÑ=pìÄëíê~í=
sa = xJz= sçääíçåÇáÅÜíÉ=
îáêía = ãã= sáêíìÉääÉê=aìêÅÜãÉëëÉê=
NMa = ”ã= `Ü~ê~âíÉêáëíáëÅÜÉê=qêçéÑÉåÇìêÅÜãÉëëÉê=
RMa = ”ã= `Ü~ê~âíÉêáëíáëÅÜÉê=qêçéÑÉåÇìêÅÜãÉëëÉê=EjÉÇá~åïÉêíF=
VMa = ”ã= `Ü~ê~âíÉêáëíáëÅÜÉê=qêçéÑÉåÇìêÅÜãÉëëÉê=
OLPa = ”ã= p~ìíÉêÇìêÅÜãÉëëÉê=
Ç = ãã= aìêÅÜãÉëëÉê=
ÇÇ = ãã= aΩëÉåÇìêÅÜãÉëëÉê=
ah~Ç = ãã= ^ì≈ÉåÇìêÅÜãÉëëÉê=
aháÇ = ãã= fååÉåÇìêÅÜãÉëëÉê=
phÇ = ãã= aìêÅÜãÉëëÉê=píê∏ãìåÖëâ~å~ä=áã=aΩëÉåâ∏êéÉê=
âáåb = g= háåÉíáëÅÜÉ=båÉêÖáÉ=
éçíb = g= mçíÉåíáÉääÉ=båÉêÖáÉ=
=sfff=
c = k= hê~Ñí=
ca= B= cä®ÅÜÉåÇÉÅâìåÖ=
Ü = ã= píÉáÖÜ∏ÜÉ=
h= xJz= aáãÉåëáçåëäçëÉ=hÉååò~Üä=
ahä = ãã= i®åÖÉ=aΩëÉåâ∏êéÉê==
ahãä = ãã= j~åíÉää®åÖÉ==
phä = ãã= i®åÖÉ=píê∏ãìåÖëâ~å~ä=áã=aΩëÉåâ∏êéÉê==
j= kã= jçãÉåí=
ã& = âÖLë= c~êÄã~ëëÉåëíêçã==
Öã& = âÖLë= j~ëëÉåëíêçã=wÉêëí®ìÄÉêÖ~ë=
Ñã& = âÖLë= j~ëëÉåëíêçã=cäìáÇ=
ãáåã& = âÖLë= jáåÇÉëíÉåë=åçíïÉåÇáÖÉê=c~êÄã~ëëÉåëíêçã==
å = xJz= ^ääÖÉãÉáåÉ=w®Üäî~êá~ÄäÉ=
la = xJz= léíáëÅÜÉ=aáÅÜíÉ=
ahm = t= t®êãÉîÉêäìëí=éêç=aΩëÉåâ∏êéÉê=
c~êÄÉm = t= ^ìÑÖÉåçããÉåÉ=eÉáòäÉáëíìåÖ=ÇÉê=c~êÄÉ=
eÉáòÖÉëm = t= jáåÇÉëíÖÉë~ãíÜÉáòäÉáëíìåÖ==
wim = t= sçå=wÉêëí®ìÄÉêäìÑí=~ìÑÖÉåçããÉåÉ=t®êãÉäÉáëíìåÖ=
é = Ä~ê= wÉêëí®ìÄìåÖëäìÑíÇêìÅâ=
jé = Ä~ê= §ÄÉêÇêìÅâ=~ã=j~íÉêá~äÇêìÅâÄÉÜ®äíÉê=
o = ã= o~Çáìë=
oÉ = xJz= oÉóåçäÇëò~Üä=
ë = ã= tÉÖ=
Më = ã= lêí=òì=_ÉÖáåå=ÇÉê=ÖäÉáÅÜã®≈áÖÉå=_ÉëÅÜäÉìåáÖìåÖ=
q = ø`= qÉãéÉê~íìê=
wóâäq = ë= wóâäìëòÉáí=
í = ë= wÉáí=
Mí = ë= ^åÑ~åÖëòÉáí=
s = Åã³= c~êÄîçäìãÉå=
sd = B= sÉêÇΩååìåÖëÖê~Ç=ÇÉê=aêìÅâÑ~êÄÉ=
=fu=
s& = ã³Lë= c~êÄîçäìãÉåëíêçã=
ãáås& = ã³Lë= jáåÇÉëíÉåë=åçíïÉåÇáÖÉê=c~êÄîçäìãÉåëíêçã=
î = ãLë= dÉëÅÜïáåÇáÖâÉáí==
ã~ñî = ãLë= j~ñáã~äÖÉëÅÜïáåÇáÖâÉáí=
ëÉåâãáåî = ãLë= jáåÇÉëíÖÉëÅÜïáåÇáÖâÉáí=ëÉåâêÉÅÜíÉê=cäìÖ=
ï~ãáåî = ãLë= jáåÇÉëíÖÉëÅÜïáåÇáÖâÉáí=ï~~ÖÉêÉÅÜíÉê=cäìÖ=
0v = ãLë= ^åÑ~åÖëÖÉëÅÜïáåÇáÖâÉáí=
W = g= ^êÄÉáí=
ï = ãLë= jáííäÉêÉ=píê∏ãìåÖëÖÉëÅÜïáåÇáÖâÉáí=
ñ = ”ã= c~êÄëÅÜáÅÜíÇáÅâÉ=
ò = ã= mä~ííÉå~Äëí~åÇ=
DΦ = B= o~ëíÉêíçåïÉêí=
aΔΦ = B= qçåïÉêíòìå~ÜãÉ=
acΦ = B= o~ëíÉêíçåïÉêí=ÇÉê=aêìÅâÑçêã=
kΦ = xJz= sçã=m~éáÉêïÉá≈L=kçêã~ä=êÉÑäÉâíáÉêíÉê=iáÅÜíëíêçã=
mΦ = xJz= sçå=ÇÉê=aêìÅâéêçÄÉ=êÉÑäÉâíáÉêíÉê=iáÅÜíëíêçã=
α = tLã²Gh= t®êãÉΩÄÉêÖ~åÖëâçÉÑÑáòáÉåí==
ahα = tLã²Gh= t®êãÉΩÄÉêÖ~åÖëâçÉÑÑáòáÉåí=aΩëÉåâ∏êéÉê=
wiα = tLã²Gh= t®êãÉΩÄÉêÖ~åÖëâçÉÑÑáòáÉåí=wÉêëí®ìÄÉêÇêìÅâäìÑí=
β = xJz= oÉãáëëáçå=
γ& = NLë= pÅÜÉêê~íÉL=pÅÜÉêÖÉëÅÜïáåÇáÖâÉáí=
η = m~Gë= aóå~ãáëÅÜÉ=sáëâçëáí®í=
Θ = ø= péêΩÜïáåâÉä=
ϑ = ø`= c~êÄíÉãéÉê~íìê=
ϑΔ = h= qÉãéÉê~íìêÇáÑÑÉêÉåò=
μ = xJz= _Éä~ÇìåÖ=
ν = ã²Lë= háåÉã~íáëÅÜÉ=sáëâçëáí®í=
ρ = âÖLã³= mÜóëáâ~äáëÅÜÉ=aáÅÜíÉ=
σ = ãkLã= lÄÉêÑä®ÅÜÉåëé~ååìåÖ=
τ = kLãã²= pÅÜìÄëé~ååìåÖ=
ω = ãLë= táåâÉäÖÉëÅÜïáåÇáÖâÉáí=
=u=
hçåëí~åíÉåW=
Ö = ãLë²= c~ääÄÉëÅÜäÉìåáÖìåÖ=EVIUN=ãLë²F=



















aÉê= ÇÉìíëÅÜÉ=aêìÅâã~ëÅÜáåÉåÄ~ì= ëÉíòí= áå= ÇÉê= bêÑçêëÅÜìåÖ=åÉìÉê=tÉÖÉ= ìåÇ= áå= ÇÉê=tÉáíÉêJ
ÉåíïáÅâäìåÖ=ÄÉëíÉÜÉåÇÉê=aêìÅâã~ëÅÜáåÉåâçåòÉéíÉ=ïÉäíïÉáí=j~≈ëí®ÄÉK=kìê=Ç~ÇìêÅÜ=ïáêÇ=Éë=




îÉêëáí®íÉåK= pç= ìåíÉêëíΩíòíÉ= ÇáÉ= cçêëÅÜìåÖëÖÉëÉääëÅÜ~Ñí= aêìÅâã~ëÅÜáåÉåI= ïÉäÅÜÉ= ìåíÉê= ÇÉã=








ÑáåÇÉåÇÉ=aêìÅâJ=ìåÇ=m~éáÉêãÉëëÉ= áå=aΩëëÉäÇçêÑ=ï~ê= ÑΩê= îáÉäÉ=^ìëëíÉääÉê= Éáå=bêÑçäÖK= cÉëíòìJ
ëíÉääÉå=ï~ê= ìåíÉê= ~åÇÉêÉã=ÇáÉ= ÄêÉáíÉ= mê®ëÉåò= ÇáÖáí~äÉê= aêìÅâëóëíÉãÉK=aÉê=aáÖáí~äÇêìÅâ= Ü~í=
















òáéáÉå=ÜáåëáÅÜíäáÅÜ= áÜêÉê= báåë~íòÖÉÄáÉíÉ= ~å~äóëáÉêíK= wáÉä= ÇÉê= îçêäáÉÖÉåÇÉå=^êÄÉáí= áëí= ÉëI= Éáå=
åÉì~êíáÖÉë=c~êÄïÉêâëâçåòÉéí=ÑΩê=lÑÑëÉíÇêìÅâã~ëÅÜáåÉå=òì=Éê~êÄÉáíÉåI=ÉáåÉ=ÉêëíÉ=âçåëíêìâíáîÉ=
i∏ëìåÖ=òì=ÉåíïáÅâÉäå=ìåÇ=Éáå=m~ê~ãÉíÉêÑÉåëíÉê=ÑΩê=ÇÉå=éê~âíáëÅÜÉå=báåë~íò=áå=ÉáåÉê=oçääÉåJ
çÑÑëÉíÇêìÅâã~ëÅÜáåÉ= òì= ÄÉëíáããÉåK= aÉê= pÅÜïÉêéìåâí= äáÉÖí= Ç~ÄÉá= ~ìÑ= ÇÉê= ÉñéÉêáãÉåíÉääÉå=
råíÉêëìÅÜìåÖ=ìåÇ=ÅçãéìíÉêÖÉëíΩíòíÉå=_ÉëíáããìåÖ=ÇÉê=c~êÄÑáäãÄáäÇìåÖëéêçòÉëëÉ=ëçïáÉ=ÇÉê=
ÉñéÉêáãÉåíÉääÉå=bêãáííäìåÖ=ÇÉê=Ç~ÑΩê=åçíïÉåÇáÖÉå=báåÖ~åÖëÖê∏≈Éå=ÇÉê=sÉêëìÅÜëÇêìÅâÑ~êÄÉK=
^ÄëÅÜäáÉ≈ÉåÇ= ïáêÇ= ÄÉëÅÜêáÉÄÉåI= ïáÉ= Ç~ë= åÉì~êíáÖÉ= c~êÄïÉêâ= áå= ÉáåÉ= i~ÄçêÇêìÅâã~ëÅÜáåÉ=








åÉÑÉäÇÉê= ÉêÑìåÇÉåÉå= iáíÜçÖê~ÑáÉK= sçå= áÜã= ïìêÇÉå= píÉáåéä~ííÉå= ~äë= aêìÅâÑçêãÉå= ãáííÉäë=
e~åÇéêÉëëìåÖ=îÉêïÉåÇÉíK=få=ÇÉê=tÉáíÉêÉåíïáÅâäìåÖ=ïìêÇÉå=ëí~íí=píÉáåéä~ííÉå=ÄáÉÖë~ãÉ=jÉJ






ìåÇ= `~ëé~ê= eÉêã~åå= ElÜáçLwïÉáÄêΩÅâÉåFI= ÇáÉ= ÖäÉáÅÜòÉáíáÖI= ~ÄÉê= ìå~ÄÜ®åÖáÖ= îçåÉáå~åÇÉê=





aáÉ= nì~äáí®í= ÇÉë= lÑÑëÉíÇêìÅâë= Ü~í= ëáÅÜ= Ç~åâ= ÇÉê= ÑçêíëÅÜêÉáíÉåÇÉå= tÉáíÉêÉåíïáÅâäìåÖ= ÇÉê=
aêìÅâã~ëÅÜáåÉå=ëÉäÄëíI=~äë=~ìÅÜ=ÇìêÅÜ=ÇáÉ=sÉêÄÉëëÉêìåÖ=ÇÉê=aêìÅâéä~ííÉå=ìåÇ=aêìÅâÑ~êÄÉå=






ä~ÖÉ= ìåÇ= ÇÉå= hìåÇÉåïΩåëÅÜÉå= áå= ÜçÜÉê= nì~äáí®í= ÉåíëéêÉÅÜÉåI= âçëíÉåÖΩåëíáÖ= ìåÇ= ëÅÜåÉää=
ÜÉêòìëíÉääÉåK=
































PJwóäáåÇÉêJaêìÅâïÉêâI=ÇçãáåáÉêÉåÇ= áã=_çÖÉåçÑÑëÉíÇêìÅâ= LTLI= áëí=Ç~ë=dêìåÇëóëíÉã=ÇÉë=lÑÑJ





ïÉêâÉ= åçíïÉåÇáÖK= a~ë= ÜÉá≈íI= ÄÉá= jÉÜêÑ~êÄÉåéêçÇìâíáçåÉå= ÇìêÅÜä®ìÑí= ÇÉê= _ÉÇêìÅâëíçÑÑ= ÇáÉ=
ÉáåòÉäåÉå=aêìÅâïÉêâÉ=å~ÅÜÉáå~åÇÉê=ìåÇ=ÇáÉ=îÉêëÅÜáÉÇÉåÉå=c~êÄÉå=ïÉêÇÉå=ΩÄÉêÉáå~åÇÉê=ÖÉJ































ÄÉå=ÇáÉ=^ìÑÖ~ÄÉI= ÇáÉ=aêìÅâÑçêã= ëìàÉí~ÄÜ®åÖáÖ=ãáí= ÉáåÉê=ÇÉÑáåáÉêíÉå=jÉåÖÉ= ~å=aêìÅâÑ~êÄÉ=


























aáÉ= e~ìéí~ìÑÖ~ÄÉ= ÉáåÉë= c~êÄïÉêâë= ä®ëëí= ëáÅÜ= å~ÅÜ= oáÉÇä= LTL= ãáí= ÇÉê= §ÄÉêíê~ÖìåÖ= ÉáåÉë=
ÖäÉáÅÜã®≈áÖÉå= c~êÄÑáäãë= ÇÉê= ÖÉÑçêÇÉêíÉå= aáÅâÉ= Éíï~= òïáëÅÜÉå= PÁU=”ã= ~å= ÇáÉ= aêìÅâÑçêã=
ÑçêãìäáÉêÉåK=
_Éá=ÇáëâçåíáåìáÉêäáÅÜÉê= c~êÄòìÑΩÜêìåÖ=ΩÄÉêåáããí=Ç~ë= c~êÄïÉêâ= òìë®íòäáÅÜ=ÇáÉ= cìåâíáçå=ÇÉê=
péÉáÅÜÉêìåÖ=îçå=c~êÄÉK=
båíëéêÉÅÜÉåÇ= ÇÉå= îçêÖÉëÉÜÉåÉå= ^åïÉåÇìåÖÉå= ïìêÇÉå= ìåíÉêëÅÜáÉÇäáÅÜÉ= c~êÄïÉêâÉ= ÉåíJ
ïáÅâÉäíI= ÇáÉ= áå= îÉêëÅÜáÉÇÉåÉå=lÑÑëÉíÇêìÅâã~ëÅÜáåÉå= ÉáåÖÉëÉíòí=ïÉêÇÉå= E^ÄÄáäÇìåÖ=PFK=lÑÑJ
ëÉíÑ~êÄïÉêâÉ=ïÉêÇÉå=éêáåòáéáÉää=áå=òïÉá=h~íÉÖçêáÉå=ìåíÉêíÉáäíK=wìã=ÉáåÉå=ÖáÄí=Éë=ÇáÉ=âä~ëëáJ
ëÅÜÉå=t~äòÉåÑ~êÄïÉêâÉ=EeÉÄÉêJI=cáäãÑ~êÄïÉêâÉI=~ìÅÜ=i~åÖÑ~êÄïÉêâÉ=ÖÉå~ååíF=ìåÇ=òìã=~åJ













îçå= t~äòÉå= òìê= sÉêÖäÉáÅÜã®≈áÖìåÖ= ÇÉë= c~êÄÑáäãë= ÖÉâÉååòÉáÅÜåÉíK= aáÉ= ìåíÉêëÅÜáÉÇäáÅÜÉå=
c~êÄïÉêâëï~äòÉå= ïÉáëÉå= òìãÉáëí= Éáå= áêê~íáçå~äÉë= aìêÅÜãÉëëÉêîÉêÜ®äíåáë= ~ìÑI= Ç~= ÇáÉ= ÇìêÅÜ=




























aáÉ= ~ñá~äÉ= c~êÄÇçëáÉêìåÖ= ÉêÑçäÖí=ΩÄÉê= c~êÄãÉëëÉê= EÉåíïÉÇÉê= áã=d~åòÉå= çÇÉê= ÉåíëéêÉÅÜÉåÇ=
ÇÉê=c~êÄòçåÉå=ÖÉíÉáäíFI=ÇáÉI=®ÜåäáÅÜ=ÉáåÉê=o~âÉäI=áã=aêìÅâ=ãÉÜê=çÇÉê=ïÉåáÖÉê=ëí~êâ=~ã=aìâJ
íçê= ~åäáÉÖÉåK=aìêÅÜ= c~êÄòçåÉåëÅÜê~ìÄÉå=â~åå=ÇÉê=^Äëí~åÇ=ÇÉê= c~êÄãÉëëÉê= òìã=c~êÄÇìâíçê=
ÉåíëéêÉÅÜÉåÇ= ÇÉê= åçíïÉåÇáÖÉå= c~êÄãÉåÖÉ= îÉêÖê∏≈Éêí= çÇÉê= îÉêâäÉáåÉêí=ïÉêÇÉåK= pçãáí=ïáêÇ=
åìê=ÇáÉ=åçíïÉåÇáÖÉ=c~êÄãÉåÖÉ=~å=Ç~ë=c~êÄïÉêâ=ΩÄÉêíê~ÖÉåK=
i~åÖÑ~êÄïÉêâÉ=òÉáÅÜåÉå=ëáÅÜ=ÇìêÅÜ=ÉáåÉ=ÜçÜÉ=péÉáÅÜÉêâ~é~òáí®í=òìã=^ìëÖäÉáÅÜ=îçå=pí∏êìåJ
ÖÉå= ìåÇ= ÉáåÉ= Éñ~âíÉ= òçå~äÉ= c~êÄÇçëáÉêìåÖ= ~ìëK= aÉã= ÉåíÖÉÖÉå= ëíÉÜí= ~ääÉêÇáåÖë= Éáå= ÜçÜÉê=
hçåëíêìâíáçåëJ=ìåÇ=cÉêíáÖìåÖë~ìÑï~åÇK=^ìÑ=dêìåÇ=ÇÉê=Öêç≈Éå=^åò~Üä=~å=t~äòÉå=ÄÉå∏íáÖÉå=
ëáÉ=ÉáåÉ=ÜçÜÉ=^åíêáÉÄëÉåÉêÖáÉI=êÉ~ÖáÉêÉå=~ìÑ=sÉê®åÇÉêìåÖ=ÇÉê=c~êÄJ=ìåÇ=cÉìÅÜíãáííÉäòìÑìÜê=
áã= aêìÅâéêçòÉëë= êÉä~íáî= íê®ÖÉ= ìåÇ= ïÉáëÉå= Éáå= êÉä~íáî= ÜçÜÉë= j~âìä~íìê~ìÑâçããÉå= ~ìÑ= Eáã=
sÉêÖäÉáÅÜ=òì=hìêòÑ~êÄïÉêâÉåFK=
gÉ= å~ÅÜ= açëáÉêëóëíÉã= ïÉêÇÉå= i~åÖÑ~êÄïÉêâÉ= ~äë= eÉÄÉêJ= ÄòïK= cáäãÑ~êÄïÉêâÉ= EëáÉÜÉ= ^ÄÄáäJ
ÇìåÖ=SF=ÄÉòÉáÅÜåÉíK=_Éá=eÉÄÉêÑ~êÄïÉêâÉå=ΩÄÉêåáããí=ÇÉê=c~êÄÜÉÄÉêI=ÉáåÉ=ãáí=dìããá=ÄÉòçJ
ÖÉåÉ=t~äòÉI=ÇáÉ=aêìÅâÑ~êÄÉ=îçã=aìâíçêK=gÉ=å~ÅÜ=c~êÄïÉêâëëóëíÉã=ÇêÉÜí=ëáÅÜ=ÇÉê=aìâíçê=áã=

























âçëÉå= EÇΩååÑäΩëëáÖÉåF= aêìÅâÑ~êÄÉåK= ^åáäçñÑ~êÄïÉêâÉ= ÄÉëíÉÜÉå= ~ìë= ÉáåÉê= c~êÄï~ååÉI= ÉáåÉê=






































ã®≈áÖÉI= ÖÉëÅÜïáåÇáÖâÉáíëìå~ÄÜ®åÖáÖÉ= c~êÄÇçëáÉêìåÖK= fã= sÉêÖäÉáÅÜ= òìã= lÑÑëÉíÇêìÅâ= ãáí=






















































ÇΩååÉê= cäΩëëáÖâÉáíëëÅÜáÅÜíÉå= ÑΩê= ÇáÉ= m~~êìåÖ= Ü~êíJÜ~êí= éêáåòáéáÉää= ÖÉÖÉÄÉåI= Ç~= ëáÅÜ= ÇáÉëÉ=
hçãÄáå~íáçå= ÇìêÅÜ= ÉñíêÉã= âìêòÉ= oÉ~âíáçåëòÉáíÉå= ìåÇ= ÉáåÉå= Öêç≈Éå= píÉääÄÉêÉáÅÜ= ÇÉê=
pÅÜáÅÜíÇáÅâÉ=~ìëòÉáÅÜåÉí=ìåÇ=ëçãáí=Ç~ë=mçíÉåíá~ä=ÑΩê=ÇáÉ=âçåëíêìâíáîÉ=^ìëÖÉëí~äíìåÖ=ÉáåÉë=
êÉ~âíáçåëëÅÜåÉääÉå= hìêòÑ~êÄïÉêâÉë= ÄÉëáíòíK= gÉÇçÅÜ= áëí= ÇáÉ= eÉêëíÉääìåÖ= îçå= pÅÜáÅÜíÇáÅâÉå=
ìåíÉê=R=”ã=éêçÄäÉã~íáëÅÜK=fã=o~ÜãÉå=ÇáÉëÉê=^êÄÉáí=ïáêÇ=ÉÄÉåÑ~ääë=ÉêãáííÉäíI=Ç~ëë=ÇáÉ=m~~J
êìåÖ=Ü~êíJïÉáÅÜ=åáÅÜí=òìê=açëáÉêìåÖ=~ìë=ÉáåÉã=oÉëÉêîçáê=ÖÉÉáÖåÉí=áëíK=
t®ÜêÉåÇ= _ÉêÖ= áå= LSL= ÇáÉ= wÉêëí®ìÄìåÖëíÉÅÜåáâ= ÄÉá= ÇÉê= póëíÉã~íáâ= ÇÉê= açëáÉêëóëíÉãÉ= åçÅÜ=
~ìëëÅÜäáÉ≈íI=ÖêÉáÑí=j~ìêÉê=LNTL=ÇáÉëÉ=j∏ÖäáÅÜâÉáí=ÇÉë=ãÉÅÜ~åáëÅÜ=îçääëí®åÇáÖ=ÉåíâçééÉäíÉå=
c~êÄÉáåíê~ÖÉë=áå=ÉáåÉ=aêìÅâã~ëÅÜáåÉ=~ìÑK=a~=Éë=áå=ÇÉê=ëíê∏ãìåÖëãÉÅÜ~åáëÅÜÉå=_Éíê~ÅÜíìåÖ=
îçå= wÉêëí®ìÄìåÖëîçêÖ®åÖÉå= áå= _ÉòìÖ= ~ìÑ= åáÅÜíåÉïíçåëÅÜÉ= cäΩëëáÖâÉáíÉå= âÉáåÉ= ÑìåÇáÉêíÉå=
bêâÉååíåáëëÉ=ÜáåëáÅÜíäáÅÜ=îÉêëÅÜáÉÇÉåÉêI=éêçòÉëëêÉäÉî~åíÉê=m~ê~ãÉíÉê=Ö~ÄI= ÑΩÜêíÉ=j~ìêÉê= áå=
ëÉáåÉê= ^êÄÉáí= ÖêìåÇäÉÖÉåÇÉ=råíÉêëìÅÜìåÖÉå= áå= ÇÉå=_ÉêÉáÅÜÉå= oÜÉçäçÖáÉ= ìåÇ= péêΩÜÄ~êâÉáí=
îçå=lÑÑëÉíÇêìÅâÑ~êÄÉ=ÇìêÅÜK=aÉê=pÅÜïÉêéìåâí=ëÉáåÉê=^êÄÉáí=äáÉÖí=áå=ÇÉê=ÉñéÉêáãÉåíÉääÉå=råJ




















ÇÉê= hê~ÑíëíçÑÑÉáåëéêáíòìåÖ= çÇÉê= ÇÉê= báåë~íò= ÄÉá= ãÉÇáòáåáëÅÜÉå= fåÜ~ä~íçêÉåK= báåÉ= ëéÉòáÉääÉ=
^åïÉåÇìåÖ=áëí=ÇáÉ=péêΩÜíêçÅâåìåÖK=a~ÄÉá=ïáêÇ=Ç~ë=Éåíëí~åÇÉåÉ=péê~ó=ÇìêÅÜ=ÉáåÉå=eÉá≈äìÑíJ
ëíêçã=ÖÉÑΩÜêíI=ïçÄÉá= ÇáÉ= ÑäΩëëáÖÉ= mÜ~ëÉ= îÉêÇ~ãéÑí= ìåÇ= ÇáÉ= cÉëíëíçÑÑé~êíáâÉä= ~ÄÖÉëÅÜáÉÇÉå=

















ÇÉê= ^åêÉÖìåÖëÑêÉèìÉåò= ÉñéçåÉåíáÉää= ~ìÑêáÅÜíÉåK= bêêÉáÅÜí= ÇáÉ= ^åêÉÖìåÖëÑêÉèìÉåò= ÉáåÉå= ÄÉJ












oçí~íáçåëòÉêëí®ìÄÉê= çÇÉê= aêÉÜòÉêëí®ìÄÉê= ïÉêÇÉå= ìK= ~K= ~äë= ^ééäáâ~íáçåëÖÉê®í= òìê= _ÉëÅÜáÅÜJ
íìåÖ=îçå=_~ìíÉáäÉå=EòK=_K=hê~ÑíÑ~ÜêòÉìÖâ~êçëëÉêáÉíÉáäÉåF=îÉêïÉåÇÉíK=
aìêÅÜ= ÇÉå= báåë~íò= îçå= oçí~íáçåëòÉêëí®ìÄÉêå= ä~ëëÉå= ëáÅÜ= cäΩëëáÖâÉáíÉå= çÇÉê= pìëéÉåëáçåÉå=
ÜçÜÉê=sáëâçëáí®í=òÉêëí®ìÄÉåK=a~ë=mêáåòáé=ÄÉêìÜí=Ç~ê~ìÑI=Ç~ëë=ÇáÉ=òì=òÉêëí®ìÄÉåÇÉ=cäΩëëáÖâÉáí=
ãÉáëí=òÉåíê~ä=~ìÑ=ÉáåÉ=êçíáÉêÉåÇÉ=pÅÜÉáÄÉ=~ìÑÖÉÖÉÄÉå=ïáêÇ=ìåÇ=Ç~ë=cäìáÇ=~ìÑÖêìåÇ=ÇÉê=wÉåJ




























ÉáåÉã=ÄÉëíáããíÉå= ÑäìáÇJ= ìåÇ= Ä~ì~êí~ÄÜ®åÖáÖÉå=j~ëëÉåëíêçã=å~ÜÉòì= âçåëí~åí= ëáåÇK= páåâí=
ÇÉê= j~ëëÉåëíêçã= ÇÉê= cäΩëëáÖâÉáí= ìåíÉê= ÉáåÉå= dêÉåòïÉêíI= ëíÉáÖÉå= ÇáÉ= qêçéÑÉåÖê∏≈Éå= ÇìêÅÜ=





wïÉáëíçÑÑÇΩëÉåI= ~ìÅÜ=éåÉìã~íáëÅÜÉ=wÉêëí®ìÄÉê=ÖÉå~ååíI= ÄÉòáÉÜÉå=ÇáÉ= òìê= wÉêëí®ìÄìåÖ=ÇÉê=
cäΩëëáÖâÉáí=åçíïÉåÇáÖÉ=båÉêÖáÉ=ÇìêÅÜ=Ç~ë=wÉêëí®ìÄÉêÖ~ë=EãÉáëí=iìÑíFK=aÉê=sçêÇêìÅâ=ÄòïK=ÇáÉ=
oÉä~íáîÖÉëÅÜïáåÇáÖâÉáí= òïáëÅÜÉå= d~ë= ìåÇ= cäΩëëáÖâÉáí= ÄÉïáêâí= äÉíòíäáÅÜ= Ç~ë= wÉêíÉáäÉåK= k~ÅÜ=
ÇÉã=lêí=ÇÉë=wìë~ããÉåíêÉÑÑÉåë=îçå=wÉêëí®ìÄÉêÖ~ë=ìåÇ=òì=òÉêëí®ìÄÉåÇÉê=cäΩëëáÖâÉáí=ïÉêÇÉå=









fã= sÉêÖäÉáÅÜ= òì= wïÉáëíçÑÑÇΩëÉå= ®ì≈ÉêÉê= jáëÅÜìåÖ= òÉáÅÜåÉå= ëáÅÜ= áååÉåãáëÅÜÉåÇÉ= aΩëÉå=
ÇìêÅÜ= ÉáåÉå= ÖÉêáåÖÉå= iìÑíîÉêÄê~ìÅÜ= ~ìëK= gÉÇçÅÜ= ÑΩÜêÉå= ÇáÉ= ÜçÜÉ= m~êíáâÉäÖÉëÅÜïáåÇáÖâÉáí=
ìåÇ= ÇÉê= ÜçÜÉ= m~êíáâÉä~åéêÉëëÇêìÅâ= ÄÉá= ÑÉëíëíçÑÑÄÉä~ÇÉåÉå= pìëéÉåëáçåÉå= EaêìÅâÑ~êÄÉF= òì=






















cäΩëëáÖâÉáí=ãáí= ®ì≈Éêëí= ÖÉêáåÖÉê= dÉëÅÜïáåÇáÖâÉáí= ~ìë= ÉáåÉê= êìåÇÉå= h~éáää~êÉ= ìåíÉê= báåïáêJ
âìåÖ= ÇÉê= bêÇÄÉëÅÜäÉìåáÖìåÖ= ~ÄíêçéÑÉå= òì= ä~ëëÉå= LOSLK= aáÉëÉê= sçêÖ~åÖ= ïáêÇ= áå= ÇÉê= mê~ñáë=


























êáëëÉå=ïáêÇK= aìêÅÜ= ÇáÉ= wÉêëí®ìÄÉêÖ~ëëíê∏ãìåÖ= âçããí= Éë= òìê=tÉääÉåÄáäÇìåÖ= ìåÇ=
pÅÜïáåÖìåÖ=áå=ÇÉå=iáÖ~ãÉåíÉåI=ï~ë=ÇÉå=wÉêëí®ìÄìåÖëéêçòÉëë=ÄÉÖΩåëíáÖíK=pçä~åJ
ÖÉ=ÇáÉ=lÄÉêÑä®ÅÜÉåâê®ÑíÉ=ÄòïK=ÇáÉ=qê®ÖÜÉáí= òìê= cçêã®åÇÉêìåÖ=ÇÉë=Éåíëí~åÇÉåÉå=






d~ëâ~å~ä= ÉáåÉ= ÇΩååÉ= pÅÜáÅÜí= ~ìëK=aáÉëÉê= sçêÖ~åÖ=ïáêÇ= mêÉÑáäãáåÖ= ÖÉå~ååíK= a~ë=
ãáí=ÜçÜÉê=dÉëÅÜïáåÇáÖâÉáí=~ìëëíê∏ãÉåÇÉ=wÉêëí®ìÄÉêÖ~ë=êÉá≈í=ÇáÉ=qêçéÑÉå=~å=ÇÉê=
























ãáí= ÉáåÉê= báåòÉäÇΩëÉ= ÉåíïáÅâÉäíK= aáÉëÉê= sÉêëìÅÜëëí~åÇ= ÇáÉåíÉ= îçêê~åÖáÖ= ÇÉã=k~ÅÜïÉáë= ÇÉê=





































aêìÅâÑ~êÄÉ= ÜáåëáÅÜíäáÅÜ= ÉêêÉáÅÜÄ~êÉêI= âäÉáåÉê= qêçéÑÉåÖê∏≈Éå= îÉêÄÉëëÉêåK= aÉãòìÑçäÖÉ= áëí= Éë=

























j~ìêÉê=ÖêÉáÑí= ÇáÉ= fÇÉÉ=ÇÉë=ãÉÅÜ~åáëÅÜ=ÉåíâçééÉäíÉå= c~êÄÉáåíê~ÖÉë=ÇìêÅÜ=péêΩÜÉå=~ìÑ=ìåÇ=
ÑΩÜêí=ÖêìåÇäÉÖÉåÇÉ=råíÉêëìÅÜìåÖÉå=ÇìêÅÜ=EëáÉÜÉ=h~éáíÉä=OKPKQ=dêÉåòÉå=ÇÉê=c~êÄïÉêâëíÉÅÜJ
åáâFK=
jáí= ÇÉã= ^ÄëÅÜäìëë= ÇÉê= ^êÄÉáíÉå= îçå= j~ìêÉê= LNTL= äáÉÖÉå= ÖêìåÇäÉÖÉåÇÉ= bêâÉååíåáëëÉ= ÇÉê=





ÇÉå=_ÉíêáÉÄ=Äáë=UM=ø`=ìåÇ= ëçãáí=ΩÄÉê=ÇáÉ= áå= LNTL=ÖÉï®ÜäíÉ= qÉãéÉê~íìêÖêÉåòÉ= EÄáë=SM=ø`F=
Üáå~ìëK=a~ê~ìë= êÉëìäíáÉêÉåÇI=ïáêÇ= áã=ÉêëíÉå=^ÄëÅÜåáíí=ÇÉê=ÉñéÉêáãÉåíÉääÉå=råíÉêëìÅÜìåÖÉå=
ÇáÉ=ÖÉï®ÜäíÉ=sÉêëìÅÜëÑ~êÄÉ=ìãÑ~ëëÉåÇ=ÅÜ~ê~âíÉêáëáÉêíK=kÉÄÉå=ÇÉå=êÜÉçäçÖáëÅÜÉå=báÖÉåëÅÜ~ÑJ
íÉå= ÇÉê= sÉêëìÅÜëÑ~êÄÉ= ëáåÇ= ÇáÉ= bêãáííäìåÖ= ÇÉë= íÉãéÉê~íìê~ÄÜ®åÖáÖÉå= c~êÄã~ëëÉåëíêçãë=
ÇìêÅÜ=ÇáÉ=aΩëÉ=ìåÇ=ÇáÉ=_ÉëíáããìåÖ=ÇÉê=áã=péêΩÜ=îçêÜ~åÇÉåÉå=qêçéÑÉåÖê∏≈Éå=ìåÇ=ÇáÉ=qêçéJ





íÉääÉå= _ÉëíáããìåÖ= ÇÉë= c~êÄÑáäãÄáäÇìåÖëîçêÖ~åÖë= îÉêëéêΩÜíÉê= lÑÑëÉíÇêìÅâÑ~êÄÉ= ÄÉëçåÇÉêÉ=
_ÉÖêΩåÇìåÖ=ÇÉë=ÉáÖÉåÉå=^åë~íòÉë=ìåÇ=wáÉäëíÉääìåÖ=
OQ=





kÉÄÉå= ÇÉê= ÉñéÉêáãÉåíÉääÉå= _ÉëíáããìåÖ= ìåÇ= _ÉëÅÜêÉáÄìåÖ= ÇÉê= c~êÄÑáäãÄáäÇìåÖëîçêÖ®åÖÉ=
îÉêëéêΩÜíÉê= lÑÑëÉíÇêìÅâÑ~êÄÉ= áëí= Éë= wáÉä= ÇÉê= ^êÄÉáíI= ÉáåÉ= ÉêëíÉ= âçåëíêìâíáîÉ= i∏ëìåÖ= ÉáåÉë=
péêΩÜÑ~êÄïÉêâë=Eå~ÅÜ=^ÄÄáäÇìåÖ=NTF=òì=Éê~êÄÉáíÉå=ìåÇ=ÇáÉ=cìåâíáçå=áå=ìãÑ~åÖêÉáÅÜÉåI=éê~âJ
íáëÅÜÉå= aêìÅâîÉêëìÅÜÉå= ~å= ÉáåÉê= i~ÄçêÇêìÅâã~ëÅÜáåÉ= EoçääÉåçÑÑëÉíÇêìÅâã~ëÅÜáåÉ= îçã= qóé=
i~Äçêj^kF=å~ÅÜòìïÉáëÉåK= aáÉ=ãáí= ÉáåÉã=péêΩÜÑ~êÄïÉêâ= ÉêêÉáÅÜÄ~êÉå=aêìÅâÉêÖÉÄåáëëÉ= ÜáåJ
ëáÅÜíäáÅÜ=ÇÉê=aêìÅâèì~äáí®í=ìåÇ=áÜêÉê=hçåëí~åò=áã=cçêíÇêìÅâ=ïÉêÇÉå=~ÄëÅÜäáÉ≈ÉåÇ=ãáí=aêìÅâJ








mêáåòáéáÉää= ï®êÉ= ~ìÅÜ= ÉáåÉ= âçåëíêìâíáîÉ= ^ìëÖÉëí~äíìåÖ= ÉáåÉë= péêΩÜÑ~êÄïÉêâë= ÖÉã®≈= ^ÄÄáäJ
ÇìåÖ=NT=çÜåÉ=òìë®íòäáÅÜÉ=oÉáíÉêï~äòÉ=ÇÉåâÄ~êI=ï~ë=~ÄÉê=å~ÅÜ=LPNL=òì=ÉáåÉê=áå~âòÉéí~ÄäÉå=






Éáåíê®ÅÜíáÖÉåK= aÉë=tÉáíÉêÉå= â~åå= åçÅÜ= å~ëëÉ=aêìÅâÑ~êÄÉ= åáÅÜí= ÇìêÅÜ= oΩÅâëé~äíìåÖ= áå= Ç~ë=
c~êÄêÉëÉêîçáê=ÑçäÖÉåÇÉê=aêìÅâïÉêâÉ=ÖÉä~åÖÉåK=^ì≈ÉêÇÉã=ÉåíÑ®ääí=ÇÉê=c~êÄâ~ëíÉå=ãáí=ë®ãíäáJ











çêÉíáëÅÜ= âÉáåÉ= dêÉåòÉå= ÑΩê= ÇáÉ= _ÉëÅÜáÅÜíìåÖëÄêÉáíÉK= bë= ëÅÜÉáåí= ã∏ÖäáÅÜI= ÇÉå= sçêíÉáä= ÇÉê=
ëÅÜåÉääÉå=oÉ~âíáçåëÑ®ÜáÖâÉáí=îçå=hìêòÑ~êÄïÉêâÉå=ãáí=ÇÉã=sçêíÉáä=ÇÉê=òçå~äÉå=c~êÄêÉÖÉäìåÖ=
îçå=i~åÖÑ~êÄïÉêâÉå=îÉêÄáåÇÉå=òì=â∏ååÉåK=




























ëÅÜáåÉ= ëáåÇ=jáåÇÉëíÖÉëÅÜïáåÇáÖâÉáíÉå= ÇÉê= qêçéÑÉå= åçíïÉåÇáÖK= a~ë= ÜÉá≈íI= Ç~ëë= ÇáÉ= ^ÄäÉåJ
âìåÖ=ÇÉê=qêçéÑÉå=ÇìêÅÜ=ÇáÉ=bêÇÄÉëÅÜäÉìåáÖìåÖ=îÉêå~ÅÜä®ëëáÖÄ~ê=âäÉáå=ïáêÇ=ìåÇ=ÉáåÉ=ëáÅÜÉêÉ=
^ìëë~ÖÉ=ÖÉíêçÑÑÉå=ïÉêÇÉå=â~ååI=ïç=ÇáÉ=c~êÄíêçéÑÉå=áã=c~êÄïÉêâ=~ìÑíêÉÑÑÉåK=aáÉ=dÉëÅÜïáåJ
ÇáÖâÉáíëÄÉíê~ÅÜíìåÖ=ïáêÇ= ÑΩê= ÇáÉ= ÄÉáÇÉå=dêÉåòÑ®ääÉ=ï~~ÖÉêÉÅÜíÉë= péêΩÜÉå=ìåÇ= ëÉåâêÉÅÜíÉë=
péêΩÜÉå=å~ÅÜ=çÄÉå=ÇìêÅÜÖÉÑΩÜêíK=
rã=^ìëë~ÖÉå=ΩÄÉê=ÇáÉ=^êÄÉáíëïÉáëÉ=ÉáåÉë=péêΩÜÑ~êÄïÉêâÉë=íêÉÑÑÉå=òì=â∏ååÉåI=áëí=Éë=åçíïÉåJ
ÇáÖI= áã= ÉñéÉêáãÉåíÉääÉå= qÉáä= ÇÉê= ^êÄÉáí= aêìÅâîÉêëìÅÜÉ= ìåÇ= ~å= ÇÉå= Ç~ÄÉá= ÉåíëíÉÜÉåÇÉå=






ÉáåÉå= ã∏ÖäáÅÜëí= ÜçãçÖÉåÉå= c~êÄÑáäã= áã= c~êÄïÉêâ= ÉáåÉê= aêìÅâã~ëÅÜáåÉ= ~ìëòìÄáäÇÉåK= a~ë=
^ääÖÉãÉáåÉ=dêìåÇä~ÖÉå=
OU=











ÉáåÉë= cäìáÇÉë= ~äë= j~íÉêá~äéêçÄÉ= ÉáåÉ= dÉëÅÜïáåÇáÖâÉáí= î= ~ìëK= gÉ= îáëâçëÉê= Eò®ÜÉêF= Ç~ë= cäìáÇ=











Ü®åÖáÖâÉáí= ÇÉê= òïáëÅÜÉåãçäÉâìä~êÉå= ^ÇÜ®ëáçåëâê®ÑíÉI= ÇáÉ= òïáëÅÜÉå= ÇÉå= ÉáåòÉäåÉå= cäΩëëáÖJ






















ãçäÉâΩäÉ=ÖÉÖÉåëÉáíáÖ= ~åòáÉÜÉåK= fã= fååÉêÉå=ÉáåÉê= cäΩëëáÖâÉáí=ïáêâÉå=ÇáÉëÉ=hê®ÑíÉ=ãáí=ÖäÉáJ
ÅÜÉê=dê∏≈É=å~ÅÜ=~ääÉå=pÉáíÉå=ìåÇ=ÜÉÄÉå=ëáÅÜ=ëçãáí=~ìÑK=^å=ÇÉê=qêÉååÑä®ÅÜÉ=òì=ÉáåÉã=d~ë=
ïáêÇ= Ç~ë= cäΩëëáÖâÉáíëãçäÉâΩä= îçå= ëÉáåÉã= ÖäÉáÅÜÉå= k~ÅÜÄ~êå= áåë= fååÉêÉ= ÖÉòçÖÉåI= ïÉáä= ÇáÉ=
^åòáÉÜìåÖëâê®ÑíÉ=áã=c~ääÉ=~åÖêÉåòÉåÇÉå=d~ëÉë=ÑÉÜäÉåK=a~ÜÉê=ÄÉÑáåÇÉå=ëáÅÜ=~ìÑ=ÉáåÉê=ÑêÉáÉå=
lÄÉêÑä®ÅÜÉ= ÖÉê~ÇÉ= ëç= îáÉäÉ=jçäÉâΩäÉI= ïáÉ= òìê= _áäÇìåÖ= ÇÉê= lÄÉêÑä®ÅÜÉ= åçíïÉåÇáÖ= ëáåÇK= aáÉ=
























































aÉê= p~ìíÉêÇìêÅÜãÉëëÉê= áëí= ~äë= áåíÉÖê~äÉê=tÉêí= òì= îÉêëíÉÜÉå=ìåÇ=âÉååòÉáÅÜåÉí=ÇáÉ= qêçéÑÉåJ
Öê∏≈É=ÉáåÉë=ãçåçÇáëéÉêëÉå=péêΩÜë=ãáí=ÖäÉáÅÜÉê=îçäìãÉåÄÉòçÖÉåÉê=lÄÉêÑä®ÅÜÉ=ïáÉ=ÇáÉ=Ç~ãáí=
ÖÉâÉååòÉáÅÜåÉíÉ=éçäóÇáëéÉêëÉ=sÉêíÉáäìåÖ=LOPX=OQX=OSLK=
aÉê= ÖäÉáÅÜã®≈áÖÉ= c~êÄ~ìÑíê~Ö= áã= c~êÄïÉêâ= ÉáåÉê= aêìÅâã~ëÅÜáåÉ= ìåÇ= Ç~ãáí= îÉêÄìåÇÉå= ÇáÉ=
dΩíÉ= ÇÉê= báåÑ®êÄìåÖ= ÇÉê= aêìÅâÑçêã= Ü~ÄÉå= ÉåíëÅÜÉáÇÉåÇÉå= báåÑäìëë= ~ìÑ= ÇáÉ= aêìÅâèì~äáí®íK=
dêç≈É=qêçéÑÉå=ÑΩÜêÉå=òì=ÉáåÉê=äçâ~äÉå=bêÜ∏ÜìåÖ=ÇÉê=c~êÄëÅÜáÅÜíÇáÅâÉ=ìåÇ=ãΩëëÉå=ÇìêÅÜ=ÇáÉ=

























tÉåå= òïÉá= péêΩÜë= ÉáåÉå= ÖäÉáÅÜÉåI= ÖÉãáííÉäíÉå= qêçéÑÉåÇìêÅÜãÉëëÉê= ~ìÑïÉáëÉåI=ãΩëëÉå= ëáÉ=
åáÅÜí=òï~åÖëä®ìÑáÖ= áÇÉåíáëÅÜ=ëÉáåK=báåÉ=Öê~ÑáëÅÜÉ=a~êëíÉääìåÖ=ÇÉê=e®ìÑáÖâÉáíëîÉêíÉáäìåÖ=ÇÉê=
áã= péêΩÜ= îçêÜ~åÇÉåÉå= qêçéÑÉåÖê∏≈Éå= áëí= Ç~ë=eáëíçÖê~ããK=§ÄÉê= ÇáÉ= àÉïÉáäáÖÉ= qêçéÑÉåÖê∏J
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m~éáÉêÄ~ÜåÄêÉáíÉ= NQMÄ = = xããz=
j~ñáã~äÖÉëÅÜïáåÇáÖâÉáí= MIRîã~ñ = xãLëz=
=
^ääÖÉãÉáåÖΩäíáÖ=áëí=ÄÉâ~ååíI=Ç~ëë=áã=lÑÑëÉíÇêìÅâéêçòÉëë=íóéáëÅÜÉêïÉáëÉ=c~êÄëÅÜáÅÜíÇáÅâÉå=áå=








aÉê= ~åÖÉÖÉÄÉåÉ= tÉêí= ÑΩê= ÇÉå= c~êÄîçäìãÉåëíêçã= ÄÉòáÉÜí= ëáÅÜ= ~ìÑ= ÇáÉ= ã~ñáã~ä= ã∏ÖäáÅÜÉ=
aêìÅâÖÉëÅÜïáåÇáÖâÉáí= Ei~ÄçêÇêìÅâã~ëÅÜáåÉF= ìåÇ= ~ìÑ=ã~ñáã~äÉå= c~êÄÄÉÇ~êÑ= EsçääíçåÇêìÅâFK=















ÄêÉáíÉ= ìåÇ=ÇáÉ=aêìÅâÖÉëÅÜïáåÇáÖâÉáí= îçå=mê~ñáëÇêìÅâã~ëÅÜáåÉå= ëáåÇ=ïÉëÉåíäáÅÜ=Ü∏ÜÉêI= ~äë=






































cΩê= ÇáÉ=ã∏ÖäáÅÜëí= ÑêÉáÉ= ^åçêÇåìåÖ= ÉáåÉë= péêΩÜëóëíÉãë= áå= ÉáåÉã= c~êÄïÉêâ= ÉáåÉê= aêìÅâã~J
ëÅÜáåÉ= ãΩëëÉå= ÇáÉ= qêçéÑÉå= ~ìÑ= ÉáåÉ= jáåÇÉëíÖÉëÅÜïáåÇáÖâÉáí= ÄÉëÅÜäÉìåáÖí= ïÉêÇÉåI= Ç~= ÇáÉ=
c~êÄíêçéÑÉå=ÇÉå=tÉÖ=îçã=aΩëÉå~ìëÖ~åÖ=òìê=t~äòÉåçÄÉêÑä®ÅÜÉ=Elêí=ÇÉë=^ìÑíêÉÑÑÉåë=ÇÉê=c~êÄJ














ëáÅÜ= òïáëÅÜÉå= ÇÉê= òì= ÄÉëéêΩÜÉåÇÉå=t~äòÉ= ìåÇ= ÇÉã=mä~ííÉåòóäáåÇÉê= åçÅÜ=ãáåÇÉëíÉåë= òïÉá=
pé~äíëíÉääÉå= ÇìêÅÜ= ãáåÇÉëíÉåë= ÉáåÉ= c~êÄ~ìÑíê~Öëï~äòÉ= ÄÉÑáåÇÉåI= ïáêÇ= ÑΩê= ÇáÉ= ï~~ÖÉêÉÅÜíÉ=
^åçêÇåìåÖ=ÇÉê=péêΩÜÉáåêáÅÜíìåÖ=áã=c~êÄïÉêâ=ÑçäÖÉåÇÉ=^åå~ÜãÉ=ÖÉíêçÑÑÉåW=
òìä®ëëáÖÉ=^ÄäÉåâìåÖ=ëÉåâêÉÅÜí=å~ÅÜ=ìåíÉå òìä~ Z=N=ãã=
aáÉëÉ= dê∏≈ÉåçêÇåìåÖ= ÇÉê= qêçéÑÉå~ÄäÉåâìåÖ= ïáêÇ= ~äë= ìåâêáíáëÅÜ= ~åÖÉëÉÜÉåI= Ç~= ÇìêÅÜ= ÇáÉ=
òïÉá=pé~äíëíÉääÉå=ÉáåÉ=c~êÄÑáäãîÉêÖäÉáÅÜã®≈áÖìåÖ=ëí~ííÑáåÇÉíK=







jáí= òìä~ë = I= MîM = =EqêçéÑÉåÖÉëÅÜïáåÇáÖâÉáí=ëÉåâêÉÅÜí=å~ÅÜ=ìåíÉå=áã=jçãÉåí=ÇÉë=sÉêä~ëJ
















î ï~ãáå = däÖK=NS=
gÉ= Öê∏≈Éê= ÇÉê= ^Äëí~åÇ= òìê= ÄÉëéêΩÜÉåÇÉå=t~äòÉåçÄÉêÑä®ÅÜÉ= ÖÉï®Üäí=ïáêÇI= ìãëç= Öê∏≈Éê= áëí=
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áëíI= ÑÉëíÖÉäÉÖíK=^ìë=ÇÉã=båÉêÖáÉÉêÜ~äíìåÖëë~íò= ÑçäÖí= ìåíÉê= ÇÉå= ÑÉëíÖÉäÉÖíÉå= wìëí®åÇÉå= ÑΩê=
ÇáÉ=jáåÇÉëíÖÉëÅÜïáåÇáÖâÉáí=ëÉåâêÉÅÜí=å~ÅÜ=çÄÉåW=
ÜÖOî ëÉåâãáå ⋅⋅= däÖK=NT=
^äë=s~êá~ÄäÉ=Öáäí=ÇáÉ=píÉáÖÜ∏ÜÉ=ÜI=ïÉäÅÜÉ= áã=îçêäáÉÖÉåÇÉå=c~ää=ÇÉå=^Äëí~åÇ=òìê=òì=ÄÉëéêΩJ
ÜÉåÇÉå= t~äòÉåçÄÉêÑä®ÅÜÉ= ~= áã= ëÉåâêÉÅÜíÉå= c~ää= å~ÅÜ= çÄÉå= Ç~êëíÉääíK= aÉå= wìë~ããÉåÜ~åÖ=
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_Éá= ÉáåÉã=ã~ñáã~äÉå=^Äëí~åÇ=ÇÉê= péêΩÜÇΩëÉå= òìê=t~äòÉåçÄÉêÑä®ÅÜÉ= îçå=NMM=ãã=ãΩëëíÉå=
ÇáÉ=qêçéÑÉå=áã=ëÉåâêÉÅÜíÉå=c~ää=å~ÅÜ=çÄÉå=ãáåÇÉëíÉåë=NIQ=ãLë=ëÅÜåÉää=ëÉáåK=aáÉëÉê=dêÉåòÑ~ää=
ïΩêÇÉ=ÄÉÇÉìíÉåI=Ç~ëë=ÇáÉ=qêçéÑÉå=ãáí=ÉáåÉê=dÉëÅÜïáåÇáÖâÉáí=îçå=î=Z=M=ãLë=~ìÑ=ÇÉê=t~äòÉåJ
çÄÉêÑä®ÅÜÉ= ~ìÑíêÉÑÑÉåK= a~= ÇáÉë= ~ìÅÜ= ~ìÑ= dêìåÇ= ÇÉê= sÉêå~ÅÜä®ëëáÖìåÖ= ÇÉë= iìÑíïáÇÉêëí~åÇÉë=
ëÉÜê=ìåëáÅÜÉê=áëíI=ãìëë=ÇáÉ=qêçéÑÉåÖÉëÅÜïáåÇáÖâÉáí=ÇÉìíäáÅÜ=Ü∏ÜÉê=ëÉáåK=
a~ê~ìë=êÉëìäíáÉêÉåÇ=áëí=Éë=åçíïÉåÇáÖI=áã=h~éáíÉä=łbñéÉêáãÉåíÉääÉ=råíÉêëìÅÜìåÖÉå“=ÇáÉ=qêçéJ



















ÇÉê=ÉåíëéêÉÅÜÉåÇÉ=cçíçëíêçãK=aáÉ=oÉãáëëáçå= β = EdäÉáÅÜìåÖ=NVF=ÉêÖáÄí=ëáÅÜ=~ìë=ÇÉã=iáÅÜíJ








ÅâÉåÄÉêÉáÅÜ= å~ÜÉòì= äáåÉ~ê= ãáí= ÇÉê= c~êÄëÅÜáÅÜíÇáÅâÉ= âçêêÉäáÉêíK= ^ì≈ÉêÇÉã= ÉåíëéêáÅÜí= ÇáÉëÉ=
_ÉïÉêíìåÖ=~åå®ÜÉêåÇ=ÇÉê=ãÉåëÅÜäáÅÜÉå=bãéÑáåÇìåÖ=LQQX=QRLK=
^ìë=ÇÉå=jÉëëìåÖÉå=ÇÉê=çéíáëÅÜÉå=aáÅÜíÉ=ÉáåÉë=sçääíçåÑÉäÇÉë= EsçääíçåÇáÅÜíÉ=asF=ìåÇ=ÉáåÉë=
o~ëíÉêíçåÑÉäÇÉë= Eo~ëíÉêíçåÇáÅÜíÉ= aoF= ä®ëëí= ëáÅÜ= ÇÉê= çéíáëÅÜ= ïáêâë~ãÉ= o~ëíÉêíçåïÉêí= å~ÅÜ=
























fã=lÑÑëÉíÇêìÅâ= âçããí=Éë= îÉêÑ~ÜêÉåëÄÉÇáåÖí= òì=ÉáåÉê= qçåïÉêíòìå~ÜãÉK=aáÉ=o~ëíÉêíçåïÉêíÉ=
ÇÉê=aêìÅâÑçêã=ïÉêÇÉå=~ìÑ=ÇÉã=_ÉÇêìÅâëíçÑÑ= ëíÉíë=Öê∏≈Éê= ~ÄÖÉÄáäÇÉíK=aáÉ= qçåïÉêíòìå~ÜãÉ=
^ääÖÉãÉáåÉ=dêìåÇä~ÖÉå=
PV=
Ü~í= òïÉá= rêë~ÅÜÉåK= wìã= ÉáåÉå= íêáíí= ÉáåÉ=ãÉÅÜ~åáëÅÜÉ= mìåâíîÉêÄêÉáíÉêìåÖ= Éáå= EÄÉÉáåÑäìëëí=
ÇìêÅÜ=aêìÅâÑ~êÄÉI=dìããáíìÅÜI=aêìÅâëé~ååìåÖI=cÉìÅÜíãáííÉä=ìK=~KF=ìåÇ=òìã=~åÇÉêÉå=Ü~åÇÉäí=
Éë=ëáÅÜ=ìã=ÉáåÉ=çéíáëÅÜÉ=wìå~ÜãÉI=ÇáÉ=iáÅÜíÑ~åÖ=ÖÉå~ååí=ïáêÇ=LQQX=QTLK=
aÉê= o~ëíÉêíçåïÉêí= ÇÉê= aêìÅâÑçêã= ïáêÇ= ãáí= DFφ = ÄÉòÉáÅÜåÉí= ìåÇ= ÇáÉ= qçåïÉêíòìå~ÜãÉ=
ãáí= DφΔ K=bë=Öáäí=ÑΩê=ÇÉå=çéíáëÅÜ=ïáêâë~ãÉå=o~ëíÉêíçåïÉêí=~ìÑ=ÇÉã=aêìÅâÄçÖÉåW=
%100%0 <<> DDFD für φφφ =
ìåÇ=däÉáÅÜìåÖ=ON=
DDFD φφφ Δ+= däÖK=ON=
aìêÅÜ=ÄÉâ~ååíÉ=qçåïÉêíÉ=~ìÑ=ÇÉê=aêìÅâÑçêã=EòK=_K=ãáíâçéáÉêíÉê=qÉëíëíêÉáÑÉåF=ìåÇ=jÉëëìåÖ=








ïÉêíΩÄÉêíê~ÖìåÖ=çÜåÉ= qçåïÉêíòìå~ÜãÉI= ÇáÉ= Éë= éê~âíáëÅÜ=åáÅÜí= ÖáÄíK=aáÉ= îçää= ~ìëÖÉòçÖÉåÉ=
hìêîÉ=ÖáÄí=Ç~ÖÉÖÉå=ÇáÉ= êÉ~äÉå= p~ÅÜîÉêÜ~äíÉ=ïáÉÇÉêK=aáÉ= qçåïÉêíòìå~ÜãÉ= DφΔ = ÉêÖáÄí= ëáÅÜ=
~ìë=ÇÉê=aáÑÑÉêÉåò=ÄÉáÇÉê=hìêîÉåK=







ïáÅâÉäíÉå= sÉêëìÅÜë~ìÑÄ~ìíÉå= îçêÖÉëíÉääíK= aáÉ= m~ê~ãÉíÉêÖêÉåòÉå= ÇÉê= àÉïÉáäë= ìåíÉêëìÅÜíÉå=

































cä®ÅÜÉåëÉåëçê= ÇáÉ= qêçéÑÉåÖê∏≈Éå= îáÉäÉê= qÉáäÅÜÉå= áå= ÇÉã= îçã= i~ëÉê= ~ìëÖÉäÉìÅÜíÉíÉå= o~ìã=
ÄÉëíáããíK= aáÉ=jÉëëçéíáâ= ÄÉëíÉÜí= ~ìë= ÇêÉá= _Éëí~åÇíÉáäÉåI= ÉáåÉã= pÉåÇÉêI= ÉáåÉã= bãéÑ®åÖÉê=
ìåÇ=ÇÉã=mêçÄÉåÄÉêÉáÅÜK=aÉê=pÉåÇÉê=ÄÉáåÜ~äíÉí=ÇáÉ=bäÉâíêçåáâ=ìåÇ=ÇÉå=i~ëÉêK=aÉê=òìã=jÉëJ





















êÉå= îçå= i~ëÉêJaçééäÉêJ^åÉãçãÉíêáÉ= Eia^F= ÖÉëéêçÅÜÉåK= báå= i~ëÉêJaçééäÉêJ^åÉãçãÉíÉê= ÄÉJ
ëíÉÜí= ~ìë= ÉáåÉê= i~ëÉêäáÅÜíèìÉääÉ= ëçïáÉ= ÇÉê= pÉåÇÉJ= ìåÇ= ÇÉê= bãéÑ~åÖëçéíáâK= a~ë= mêáåòáé= ÇÉê=
i~ëÉêJaçééäÉêJ^åÉãçãÉíêáÉ= ÄÉêìÜí= ~ìÑ= ÇÉê= q~íë~ÅÜÉI= Ç~ëë= âçÜ®êÉåíÉ= iáÅÜíïÉääÉåI= ÇáÉ= îçå=
ÄÉïÉÖíÉå= mÜ~ëÉåÖêÉåòÑä®ÅÜÉå= ÖÉëíêÉìí= ïÉêÇÉåI= ÉáåÉ= açééäÉêÑêÉèìÉåòîÉêëÅÜáÉÄìåÖ= ~ìÑïÉáJ
ëÉå=ìåÇ=ëçãáí=dÉëÅÜïáåÇáÖâÉáíëáåÑçêã~íáçåÉå=ÉåíÜ~äíÉå=LQVX=RMLK=
^ÄÄáäÇìåÖ=OS=òÉáÖí=Ç~ë=çéíáëÅÜÉ=póëíÉã=ÉáåÉë=hêÉìòëíê~ÜäJsÉäçÅáãÉíÉêëK=aÉê=i~ëÉêëíê~Üä=ïáêÇ=








éìåâí= ìåÇ= ëíêÉìí= iáÅÜí= ÖÉã®≈= ëÉáåÉê= dê∏≈É= ìåÇ= dÉëÅÜïáåÇáÖâÉáíK= a~ë= òì= ~å~äóëáÉêÉåÇÉ=
píêÉìäáÅÜí=ïáêÇ=îçã=póëíÉã=iáåëÉ=O=ìåÇ=ÉáåÉê=_äÉåÇÉ=~ìÑ=ÇáÉ=lÄÉêÑä®ÅÜÉ=ÉáåÉë=ëçÖK=mÜçíçJ
ãìäíáéäÉêë= ÖÉÄê~ÅÜí= ìåÇ= Ççêí= áå= ÉáåÉå= ÉäÉâíêáëÅÜÉå= píêçã=ÖäÉáÅÜÉê= cêÉèìÉåò= ìãÖÉï~åÇÉäíK=
^ÄÄáäÇìåÖ=OT= òÉáÖí= ÇáÉ= hêÉìòëíê~ÜäÉå= ÇÉë= îÉêïÉåÇÉíÉå= ias= ÇÉê= pfsrp= ÖdãÄe= `ÜÉãåáíòK=
sÉêëìÅÜë~ìÑÄ~ìíÉå=ìåÇ=jÉëëãÉíÜçÇÉå=
QP=















åìíòí= ìåÇ= Éë= ÉêÑçäÖíÉ= âÉáåÉ= wÉêëí®ìÄìåÖ= ÇÉê= aêìÅâÑ~êÄÉK= aáÉ= ÇìêÅÜ= ÇáÉ= aΩëÉ= òÉáí~ÄÜ®åÖáÖ=
ÖÉÑäçëëÉåÉ= aêìÅâÑ~êÄÉ= ïìêÇÉ= ãáí= eáäÑÉ= ÉáåÉë= jÉëëÄÉÅÜÉêë= ~ìÑÖÉÑ~åÖÉå= ìåÇ= ~åëÅÜäáÉ≈ÉåÇ=
ÇÉêÉå=j~ëëÉ=ãáí=ÉáåÉê=i~Äçêï~~ÖÉ=ÄÉëíáããíK=aáÉ=_ÉëíáããìåÖ=ÇÉë=c~êÄã~ëëÉåëíêçãë=ÉêÑçäÖJ
íÉ= áå= xÖLãáåzK= jáí= eáäÑÉ= ÉáåÉê= i~Äçêï~~ÖÉ= ÇÉê= c~K= hÉêå= qóé= ^iq= PNMJQ^j= E^ÄÄáäÇìåÖ=OUF=








a~= Ç~ë= ãÉåëÅÜäáÅÜÉ= ^ìÖÉ= ëìÄàÉâíáî= êÉ~ÖáÉêí= ìåÇ= îçå= jÉåëÅÜ= òì= jÉåëÅÜ= ìåíÉêëÅÜáÉÇäáÅÜÉ=
bãéÑáåÇìåÖÉå=ÑΩê=pÅÜï®êòìåÖ=ìåÇ=c~êÄÉ=ÉñáëíáÉêÉåI=ÉáÖåÉí=Éë=ëáÅÜ=åìê=ÄÉÇáåÖí=~äë=łjÉëëáåJ
ëíêìãÉåí“= ÇÉê= çéíáëÅÜÉå= aáÅÜíÉK= ^äë= jÉëëïÉêâòÉìÖ= ÇáÉåí= Ç~ÜÉê= áå= ÇÉê= aêìÅâáåÇìëíêáÉ= Ç~ë=
aÉåëáíçãÉíÉê=LQSLK=
aáÉ=jÉëëìåÖ=ÇÉê=çéíáëÅÜÉå=aáÅÜíÉ=îçå=sçääíçåJ=ìåÇ=o~ëíÉêíçåÑä®ÅÜÉå=ëçïáÉ=ÇáÉ=_ÉëíáããìåÖ=
ÇÉê= o~ëíÉêíçåïÉêíÉ= ~ìÑ= ÇÉå= áå= ÇÉå= aêìÅâîÉêëìÅÜÉå= ÜÉêÖÉëíÉääíÉå= aêìÅâéêçÄÉå= ÉêÑçäÖíÉ= áã=
^ìÑäáÅÜíéêáåòáéK=^äë=jÉëëÖÉê®í=ÇáÉåíÉ=Éáå=aÉåëáíçãÉíÉê=ÇÉê=c~K=dêÉí~ÖK=^ìÑäáÅÜíÇÉåëáíçãÉíÉê=













_Éá= ÉáåÉê=jÉëëìåÖ=ïáêÇ= ÇáÉ= îçå= ÉáåÉê=aêìÅâéêçÄÉ= òìêΩÅâÖÉëíê~ÜäíÉ= iáÅÜíÉåÉêÖáÉ= ÄÉëíáããíK=
aáÉ=_ÉäÉìÅÜíìåÖ=ÉêÑçäÖí=ìåíÉê=ÉáåÉã=táåâÉä=îçå=QRø=ìåÇ=ÇáÉ=jÉëëìåÖ=ÄÉá=Mø=òìê=cä®ÅÜÉåJ
åçêã~äÉåK=_Éîçê=ÉáåÉ=jÉëëìåÖ=~ìÑ=ÉáåÉê=aêìÅâéêçÄÉ=ÇìêÅÜÖÉÑΩÜêí=ïáêÇI=ÉêÑçäÖí=ÇáÉ=_ÉëíáãJ
ãìåÖ=ÇÉê= òìêΩÅâÖÉëíê~ÜäíÉå= iáÅÜíÉåÉêÖáÉ=ÇÉë=ìåÄÉÇêìÅâíÉå=m~éáÉêëK= fã=aÉåëáíçãÉíÉê=ïÉêJ
ÇÉå=ÇáÉ=jÉëëïÉêíÉ=áåíÉêå=ãáí=eáäÑÉ=ÇÉê=däÉáÅÜìåÖÉå=NUX=NVX=OMX=OM~=áå=ÇáÉ=ÖÉï®ÜäíÉ=jÉëëJ
Öê∏≈É=ìãÖÉêÉÅÜåÉí=ìåÇ=~åÖÉòÉáÖíK=a~ë=âêÉáëêìåÇÉ=jÉëëÑÉäÇ=ÇÉë=îÉêïÉåÇÉíÉå=aÉåëáíçãÉíÉêë=











cΩê= ÇáÉëÉå= ^ÄëÅÜåáíí= ÇÉê= aêìÅâîÉêëìÅÜÉ=ïìêÇÉ= Ç~ë= aêìÅâïÉêâ= P= ÉáåÉê= i~ÄçêÇêìÅâã~ëÅÜáåÉ=













































^å= ÇÉê= j~íÉêá~ä~ìëíêáííë∏ÑÑåìåÖ= ESF= ÇÉë= _ÉÜ®äíÉêë= ïáêÇ= Éáå= pÅÜä~ìÅÜ= ~åÖÉëÅÜäçëëÉåK= §ÄÉê=























aÉê= _ÉêÉÅÜåìåÖ= ÇÉê= òìê= bêï®êãìåÖ= ÇÉê= aêìÅâÑ~êÄÉ= åçíïÉåÇáÖÉå=eÉáòäÉáëíìåÖ= mc~êÄÉ= ïÉêÇÉå=
ÇáÉ=áå=q~ÄÉääÉ=O=~åÖÉÖÉÄÉåÉå=m~ê~ãÉíÉê=òì=dêìåÇÉ=ÖÉäÉÖíK=
q~ÄÉääÉ=OW=m~ê~ãÉíÉê=òìê=bêãáííäìåÖ=ÇÉë=iÉáëíìåÖëÄÉÇ~êÑë=ÇÉê=c~êÄÉêï®êãìåÖ=






bë=ïáêÇ= ÇáÉ=^åå~ÜãÉ=ÖÉíêçÑÑÉåI= Ç~ëë= ÇáÉ= c~êÄÉ= îçå=rãÖÉÄìåÖëäìÑííÉãéÉê~íìê= EOM=ø`F= ~ìÑ=
UM=ø`=EqÉãéÉê~íìêÉáåë~íòÖêÉåòÉ=ÇÉê=aΩëÉåF=Éêï®êãí=ïÉêÇÉå=ãìëëK=
ϑΔ⋅⋅= c~êÄÉc~êÄÉ Åãm & däÖK=OO=
^ìë=ÇÉå=áå=q~ÄÉääÉ=O=~åÖÉÖÉÄÉåÉå=m~ê~ãÉíÉêå=ìåÇ=däÉáÅÜìåÖ=OO=ÉêÖáÄí=ëáÅÜ=ÉáåÉ=ÄÉå∏íáÖíÉ=
iÉáëíìåÖ=òìê=bêï®êãìåÖ=ÇÉê=aêìÅâÑ~êÄÉ=îçå= KtUQmc~êÄÉ = =
kÉÄÉå=ÇÉê=åçíïÉåÇáÖÉå=eÉáòäÉáëíìåÖ=òìê=qÉãéÉêáÉêìåÖ=ÇÉê=aêìÅâÑ~êÄÉ=ïáêÇ=ïÉáíÉêÜáå=ÇìêÅÜ=
ÇÉå=~ìÑ=UM=ø`=Éêï®êãíÉå=aΩëÉåâ∏êéÉê=ΩÄÉê=ëÉáåÉ=lÄÉêÑä®ÅÜÉ=t®êãÉ=~å=ÇáÉ=rãÖÉÄìåÖ=~ÄÖÉJ
ÖÉÄÉåK=aÉê=aΩëÉåâ∏êéÉê=ïáêÇ= áÇÉ~äáëáÉêí= ~äë= nì~ÇÉê= ~åÖÉëÉÜÉåK=aáÉ= ÖÉçãÉíêáëÅÜÉå=^ÄãÉëJ
ëìåÖÉå=ÇÉë=aΩëÉåâ∏êéÉêë=ëáåÇ=áå=q~ÄÉääÉ=P=~åÖÉÖÉÄÉåK=
q~ÄÉääÉ=PW=dÉçãÉíêáëÅÜÉ=^ÄãÉëëìåÖÉå=ÇÉë=aΩëÉåâ∏êéÉêë=
i®åÖÉ=ÇÉë=aΩëÉåâ∏êéÉêë ããNNMäah = =






[ ] ϑΔ⋅α⋅⋅+⋅⋅= ahOahahahah ÄOEFÄäQEm däÖK=OP=
^ìë=ÇÉå= áå= q~ÄÉääÉ=P= ~åÖÉÖÉÄÉåÉå=ÖÉçãÉíêáëÅÜÉå=a~íÉå=ìåÇ=däÉáÅÜìåÖ=OP= ÉêÖáÄí= ëáÅÜ= Éáå=
t®êãÉîÉêäìëí=ÇìêÅÜ=t®êãÉ~ÄÖ~ÄÉ=~å=ÇáÉ=rãÖÉÄìåÖ=îçå= tSIRmah = =àÉ=aΩëÉåâ∏êéÉêK=
aáÉ=ÑΩê=ÇáÉ=wÉêëí®ìÄìåÖ=ÇÉê=aêìÅâÑ~êÄÉ=åçíïÉåÇáÖÉ=wÉêëí®ìÄìåÖëäìÑí=ÑäáÉ≈í=ÇìêÅÜ=ÇÉå=aΩëÉåJ
â∏êéÉê=ìåÇ=åáããí=ÉÄÉåÑ~ääë=t®êãÉ=~ìÑK=aáÉ=Ç~ÄÉá=îçå=ÇÉê=iìÑí=~ìÑÖÉåçããÉåÉ=t®êãÉäÉáëJ
íìåÖ= ä®ëëí= ëáÅÜ= åìê= ~ÄëÅÜ®íòÉåI= Ç~= ÑΩê= ÇÉå=t®êãÉΩÄÉêÖ~åÖëâçÉÑÑáòáÉåíÉå= åìê=ïÉåáÖÉ= îÉêJ































fååÉåÇìêÅÜãÉëëÉê ããNMÇahá = =
^ì≈ÉåÇìêÅÜãÉëëÉê ããNUÇah~ = =
j~åíÉää®åÖÉ ããNRäahã = =
píê∏ãìåÖëâ~å~ä=áã=aΩëÉåâ∏êéÉê=EòïÉáã~äF=
aìêÅÜãÉëëÉê ããRÇpâ = =
i®åÖÉ ããUMä ph = =
aáÉ= ÑΩê=ÇáÉ=t®êãÉΩÄÉêíê~ÖìåÖ=~å=ÇáÉ=wÉêëí®ìÄìåÖëäìÑí=ïáêâë~ãÉ=cä®ÅÜÉ=ïáêÇ=ïáÉ= ÑçäÖí=ÄÉJ
êÉÅÜåÉíW=








aáÉ= îçå= ÇÉê= wÉêëí®ìÄìåÖëäìÑí= ~ìÑÖÉåçããÉåÉ= t®êãÉäÉáëíìåÖ= ÉêêÉÅÜåÉí= ëáÅÜ= å~ÅÜ= däÉáJ
ÅÜìåÖ=ORK=
ϑΔ⋅α⋅= wiwiwi ^m däÖK=OR=
a~ë=ÉêÖáÄí=å~ÅÜ=ÇÉã=báåëÉíòÉå=ÇÉê=dê∏≈ÉåW=
tOPmwi = =







wìê= bêï®êãìåÖ= ÇÉê= aΩëÉåâ∏êéÉê= áëí= îçê= ~ääÉã=ÇáÉ= êÉÅÜíÉÅâáÖÉI= ÉÄÉåÉ=råíÉêëÉáíÉ= ÖÉÉáÖåÉíK=
a~ÜÉê=ÄáÉíÉå=ëáÅÜ=Ñä~ÅÜÉI= êÉÅÜíÉÅâáÖÉ=eÉáòÉäÉãÉåíÉ=~åI=ïÉäÅÜÉ=òïÉá=aìêÅÜÖ~åÖëÄçÜêìåÖÉå=
òìê= _ÉÑÉëíáÖìåÖ= ~ìÑïÉáëÉå= ãΩëëÉåK= dÉï®Üäí= ïìêÇÉå= jáâ~åáíLdäáããÉêÜÉáòÉäÉãÉåíÉ= E^ÄÄáäJ
ÇìåÖ=POFK=aáÉëÉ=eÉáòÉäÉãÉåíÉ=îÉêÑΩÖÉå=ΩÄÉê=ÉáåÉ= Ñä®ÅÜÉåÄÉòçÖÉåÉ=iÉáëíìåÖ=îçå=Q=tLÅã²K=
aáÉ=råíÉêëÉáíÉ=ÇÉê=aΩëÉåâ∏êéÉê=ïÉáëí=ÉáåÉ=ÑΩê=ÇÉå=t®êãÉÉáåíê~Ö=åìíòÄ~êÉ=cä®ÅÜÉ=îçå=OR=Åã²=


















wìê= píÉìÉêìåÖ=ÇÉê=aΩëÉå=ïÉêÇÉå=ÉäÉâíêáëÅÜ= ëÅÜ~äíÉåÇÉ=PLOJtÉÖÉJmåÉìã~íáâîÉåíáäÉ= ÇÉê= c~K=
cÉëíç=îÉêïÉåÇÉíK=gÉÇÉ=aΩëÉ=ïáêÇ=ÉáåòÉäå=îçå=ÉáåÉã=sÉåíáä=ÖÉëÅÜ~äíÉíK=aáÉ=ã~ñáã~äÉ=pÅÜ~äíJ
ÑêÉèìÉåò= ÄÉíê®Öí= OR=eòK= §ÄÉê= ÉáåÉ= pçÑíï~êÉ= áëí= Éë= ã∏ÖäáÅÜI= ÉáåÉ= ÖäçÄ~äÉ= wóâäìëòÉáí= qwóâä=
EòK=_K=NMMM=ãëF=îçêòìÖÉÄÉåK=wìã=wÉáíéìåâí=íM=Z=M=ãë=ïÉêÇÉå=~ääÉ=aΩëÉå=ÖäÉáÅÜòÉáíáÖ=ÖÉ∏ÑÑJ
åÉíK= gÉÇÉê= aΩëÉ= â~åå= ÉáåÉ= áåÇáîáÇìÉääÉ= £ÑÑåìåÖëòÉáí= áååÉêÜ~äÄ= ÇÉê= wóâäìëòÉáí= òìÖÉïáÉëÉå=
ïÉêÇÉåK=k~ÅÜ=^Ää~ìÑ=ÇÉê= áåÇáîáÇìÉääÉå=£ÑÑåìåÖëòÉáí= ëÅÜäáÉ≈í=ÇáÉ= àÉïÉáäáÖÉ=aΩëÉK=tÉåå=~ääÉ=
aΩëÉå=ïáÉÇÉê=ÖÉëÅÜäçëëÉå=ëáåÇI=ÄÉÖáååí=ÇáÉëÉê=mêçòÉëë=å~ÅÜ=^Ää~ìÑ=ÇÉê=wóâäìëòÉáí=îçå=îçêåK=














ëçÑíï~êÉ= áëí= Éë=ã∏ÖäáÅÜI= ÇáÉ= £ÑÑåìåÖëòÉáí= ìåÇ= Ç~ãáí= ÇÉå= c~êÄîçäìãÉåëíêçã= ÑΩê= àÉÇÉ=aΩëÉ=
áåÇáîáÇìÉää=ÉáåòìëíÉääÉåK=
^ìëÖÉÜÉåÇ=îçå=ÇáÉëÉå=dêìåÇâçãéçåÉåíÉå=ïìêÇÉå=òïÉá=péêΩÜîÉêëìÅÜëëí®åÇÉ=ÉåíïáÅâÉäíK=cΩê=






péêΩÜÇêìÅâîÉêëìÅÜëëí~åÇ= ÉåíïáÅâÉäíK= aáÉëÉê= ïÉáëí= ~ÅÜí= aΩëÉå= ~ìÑI= ïÉäÅÜÉ= ÇáÉ= aêìÅâÑ~êÄÉ=
Ñçêã~íÄêÉáí= ~ìÑ= ÉáåÉ=ÄÉïÉÖíÉ= EÇóå~ãáëÅÜÉF=lÄÉêÑä®ÅÜÉ= EÉáåÉ= c~êÄïÉêâëï~äòÉ=ÇÉê=aêìÅâã~J
ëÅÜáåÉF=~ìÑÄêáåÖÉåK==
_ÉáÇÉ= sÉêëìÅÜëëí®åÇÉ= ïÉêÇÉå= áå= ÇÉå= ÑçäÖÉåÇÉå= ÄÉáÇÉå= h~éáíÉäå= ÖÉå~ìÉê= Éêä®ìíÉêíK= a~ÄÉá=
































rã=å~ÅÜòìïÉáëÉåI= Ç~ëë= Éáå= ëéêΩÜÉåÇ=ÉêòÉìÖíÉê= c~êÄÑáäã= áå= ÉáåÉê=aêìÅâã~ëÅÜáåÉ=îÉêÇêìÅâí=
ïÉêÇÉå=â~åå=ìåÇ=òìê=ÉñéÉêáãÉåíÉääÉå=_ÉëíáããìåÖ=ÇÉê=ÉêêÉáÅÜÄ~êÉå=aêìÅâèì~äáí®í=ïìêÇÉ=Éáå=
Çóå~ãáëÅÜÉê=péêΩÜÇêìÅâîÉêëìÅÜëëí~åÇ=ÉåíïáÅâÉäíK=aÉê=péêΩÜÇêìÅâîÉêëìÅÜëëí~åÇ=ÄÉëíÉÜí=~ìë=



















êá~äÇêìÅâÉáåëíÉääìåÖ= ëíÉìÉêÄ~êFI= ïáêÇ= ~ìÑÖÉòïÉáÖí= ìåÇ= ÇÉå= ~ÅÜí= aΩëÉå= ΩÄÉê= c~êÄòìÑΩÜêJ
ëÅÜä®ìÅÜÉ=íê~åëéçêíáÉêíK=§ÄÉê=ÇáÉ=sÉåíáäÉ=ïáêÇ=ÇÉå=~ÅÜí=aΩëÉå=ÇáÉ=píÉìÉêäìÑí=òìÖÉÑΩÜêí=ìåÇ=




êáÅÜíìåÖ= òÉêëí®ìÄíÉ= aêìÅâÑ~êÄÉ= ïáêÇ= ~ìÑ= ÇÉå= ÅÜ~åÖáÉêÉåÇÉå= c~êÄêÉáÄÉê= ÇÉë= c~êÄïÉêâë= ÇÉê=



























sÉêÜ~äíÉåI= qÜáñçíêçéáÉI= qÉãéÉê~íìê~ÄÜ®åÖáÖâÉáí= ìK= ~KFI= ëáÅÜ= ~ÄÉê= áå= áÜêÉå= ^ÄëçäìíïÉêíÉå=
ìåíÉêëÅÜÉáÇÉå=LNTLK=
få= ÇÉê= îçêäáÉÖÉåÇÉå= ^êÄÉáí= ïáêÇ= ëÅÜï~êòÉ= oçääÉåçÑÑëÉíÑ~êÄÉ= EeÉ~íëÉíÑ~êÄÉI= pìå= `ÜÉãáÅ~ä=








áëí=Ç~ÜÉê=åìê= ëÅÜïÉê= áå=Éáå= ÑÉáåÉë=péêΩÜ=òì=ΩÄÉêÑΩÜêÉå=LQPLK=aáÉ=ÄÉá=o~ìãíÉãéÉê~íìê=ÉêJ
òÉìÖÄ~êÉå= qêçéÑÉå= ëáåÇ= ÑΩê= ÉáåÉ=ÜçãçÖÉåÉ= c~êÄÑáäãÄáäÇìåÖ=~ìÑ= ÉáåÉê= Ñ~êÄíê~ÖÉåÇÉå=t~äòÉ=
ìåÖÉåΩÖÉåÇ=ÑÉáå=ìåÇ=ïΩêÇÉå=òì=ÉáåÉã=ìåÖäÉáÅÜã®≈áÖÉå=aêìÅâÄáäÇ=ÑΩÜêÉåK=a~ÜÉê=áëí=Éë=åçíJ
ïÉåÇáÖI= ÇáÉ= c~êÄîáëâçëáí®í= òì=çéíáãáÉêÉåK=_Éáíê®ÖÉ= òìê= sáëâçëáí®íëçéíáãáÉêìåÖ= ëáåÇ= ëçïçÜä=
~ìë=ÇÉå=cçêÇÉêìåÖÉå=ÇÉê=péêΩÜÉêòÉìÖìåÖ=~äë=~ìÅÜ=~ìë=ÇÉê=c~êÄÑáäãÄáäÇìåÖ=Eã∏ÖäáÅÜëí=ÖÉêáåJ
ÖÉ= sáëâçëáí®íF= ìåÇ= ~ìë= ÇÉê= sÉêÇêìÅâÄ~êâÉáí= Eã∏ÖäáÅÜëí= ÜçÜÉ= sáëâçëáí®íF= ~ÄòìäÉáíÉåK= a~ÄÉá=
ÉêäÉáÅÜíÉêå=åáÉÇêáÖÉ=sáëâçëáí®íÉå=ÇÉå=wÉêëí®ìÄìåÖëîçêÖ~åÖ=ìåÇ=ÇáÉ=cáäãÄáäÇìåÖI=ï®ÜêÉåÇ=ÇáÉ=
kÉáÖìåÖ=òìã=qçåÉå=ìåÇ=ÇÉê=^ìÑï~åÇ=òìã=qêçÅâåÉå=ÇÉê=îÉêÇêìÅâíÉå=c~êÄÉ=ëíÉáÖÉåK=cΩê=ÇáÉ=

































få=^ÄÄáäÇìåÖ=PT= áëí= ÇÉê= báåÑäìëë= ÇÉê= pÅÜÉêÖÉëÅÜïáåÇáÖâÉáí= ~ìÑ= ÇáÉ=sáëâçëáí®í= ÇçëÉåÑêáëÅÜÉê=
aêìÅâÑ~êÄÉ=ÑΩê=ÇêÉá=îÉêëÅÜáÉÇÉåÉ=qÉãéÉê~íìêÉå=Ç~êÖÉëíÉääíK=aáÉ=aêìÅâÑ~êÄÉ=ïÉáëí=Éáå=~ìëÖÉJ




çÄÉêÜ~äÄ= ÇÉë= êΩÅâä~ìÑÉåÇÉå= hìêîÉåòìÖÉë= äáÉÖÉå= ìåÇ= ÇáÉ= sáëâçëáí®í= ~ã= båÇÉ= ÇÉê= jÉëëìåÖ=
ÉáåÉå=ÖÉêáåÖÉêÉå=tÉêí= ~äë= òì=_ÉÖáåå= ~ìÑïÉáëíK= aáÉë= ÇÉìíÉí= ~ìÑ= íÜáñçíêçéÉë= sÉêÜ~äíÉå=ÜáåK=
bñéÉêáãÉåíÉääÉ=råíÉêëìÅÜìåÖÉå=ÇÉê=sÉêëìÅÜëÑ~êÄÉ=
RU=

































































_Éá= sÉêïÉåÇìåÖ= îçå= U= aΩëÉå= ÑΩê= Ç~ë= òì= ÉåíïáÅâÉäåÇÉ= péêΩÜÑ~êÄïÉêâ= ÉêÖáÄí= ëáÅÜ= ~ìë= ÇÉã=










^ìë= ÇÉå= råíÉêëìÅÜìåÖÉå= ÜáåëáÅÜíäáÅÜ= ÇÉë= báåÑäìëëÉë= ÇÉê= pÅÜÉêê~íÉ= ~ìÑ= ÇáÉ= sáëâçëáí®í= ïáêÇ=
ÖÉëÅÜäìëëÑçäÖÉêíI= Ç~ëë= ÉáåÉ= oÉÇìòáÉêìåÖ= ÇÉê= sáëâçëáí®í= ÇìêÅÜ= ÇáÉ= ÜçÜÉ= pÅÜÉêÄÉä~ëíìåÖ= ÄÉá=
ÇÉê= c~êÄÑ∏êÇÉêìåÖ= ÇìêÅÜ= ÇáÉ= aΩëÉ= ëí~ííÑáåÇÉíK= ^ìëÖÉÜÉåÇ= îçå= ÇáÉëÉå= wïáëÅÜÉåÉêÖÉÄåáëëÉå=
áëí=Éë=åçíïÉåÇáÖI=ÇáÉ=píêìâíìêîáëâçëáí®í=ÇÉê=aêìÅâÑ~êÄÉ=åçÅÜ=Éáåã~ä=ÖÉå~ìÉê=òì=ÄÉëíáããÉåI=
Ç~=ÇáÉ=pÅÜÉêÄÉä~ëíìåÖ=áå=ÇÉê=aΩëÉ=ÇÉìíäáÅÜ=Ü∏ÜÉê=áëíI=~äë=ÇÉê=~ìë=q~ÄÉääÉ=R=òì=ÉåíåÉÜãÉåÇÉI=
ÉêëíÉ= ìåíÉêëìÅÜíÉ=jÉëëÄÉêÉáÅÜK= aáÉ= pÅÜÉêê~íÉ=ïìêÇÉ= ÑΩê= ÇêÉá= c~êÄî~êá~åíÉå= EM=BX= P=B= ìåÇ=
S=B=_ÉáãáëÅÜìåÖ=îçå=jáåÉê~ä∏äF=ÄÉá=ÉáåÉê=sÉêëìÅÜëíÉãéÉê~íìê=îçå=UM=ø`=îçå=NLë=Äáë=ORMMLë=
áå=PM=pÅÜêáííÉå=ÉêÜ∏Üí=EjÉëëÇ~ìÉê=àÉ=jÉëëéìåâí=R=ëFK=
aáÉ= bêÖÉÄåáëëÉ= ëáåÇ= áå=^ÄÄáäÇìåÖ=PV= òìë~ããÉåÖÉÑ~ëëíK= bë= áëí= òì= ÉêâÉååÉåI= Ç~ëë= ÄÉá= ÉáåÉê=




































































senkt um 38 %












ÖÉå= ëáåÇ= áå=^ÄÄáäÇìåÖ=QN=Ç~êÖÉëíÉääíK= bë= áëí=ÇÉê=ÇÉìíäáÅÜÉ=báåÑäìëë=ÇÉê= qÉãéÉê~íìê= ~ìÑ=ÇáÉ=
































Üáå~ìë= â~åå= ÖÉë~Öí= ïÉêÇÉåI= Ç~ëë= ~ääÉ= ÇêÉá= ìåíÉêëìÅÜíÉå= dê∏≈Éå= ÇáÉ= sáëâçëáí®í= áå= ìåíÉêJ







ROP= ÄòïK= QUR= ÖÉëÉåâíK= aÉê= báåÑäìëë= ÇÉê= pÅÜÉêÖÉëÅÜïáåÇáÖâÉáí= áëí= ÑΩê= ~ìÑ= UM=ø`= Éêï®êãíÉ=
aêìÅâÑ~êÄÉ=çÜåÉ=ÇáÉ=_ÉáãáëÅÜìåÖ=îçå=jáåÉê~ä∏ä=Ü∏ÜÉê=Ec~âíçê=TISF=~äë= ÑΩê=SBáÖ=îÉêÇΩååíÉ=










= = pN= pO=













































wìë~ããÉåÑ~ëëÉåÇ= ïáêÇ= ÇáÉ= pÅÜäìëëÑçäÖÉêìåÖ= ÖÉòçÖÉåI= Ç~ëë= Éë= ÄÉá= ÇÉê= wÉêëí®ìÄìåÖ= îçå=
aêìÅâÑ~êÄÉ= ÑΩê=ÇáÉ=^ìëÄáäÇìåÖ=ÖÉåΩÖÉåÇ=âäÉáåÉê=qêçéÑÉå=åçíïÉåÇáÖ= áëíI=ÇáÉ=aêìÅâÑ~êÄÉ=~ìÑ=
Äáë=òì=UM=ø`=òì=Éêï®êãÉåI=Ç~=ÇÉê=báåÑäìëë=ÇÉê=qÉãéÉê~íìê=~ìÑ=ÇáÉ=sáëâçëáí®í=ìåÇ=Ç~ãáí=~ìÑ=
Ç~ë= ëáÅÜ= ÄÉá= ÇÉê= wÉêëí®ìÄìåÖ= ~ìëÄáäÇÉåÇÉ= qêçéÑÉåÖê∏≈ÉåëéÉâíêìã= ÉåíëÅÜÉáÇÉåÇ= áëíK= báåÉ=
sÉêêáåÖÉêìåÖ= ÇÉê= sáëâçëáí®í= ÇìêÅÜ= sÉêÇΩååìåÖ=ãáí= S=B=jáåÉê~ä∏ä= áëí= ÄÉëçåÇÉêë= ÄÉá= o~ìãJ
íÉãéÉê~íìê=ÑΩê=Éáå=ÖäÉáÅÜã®≈áÖÉë=cäáÉ≈Éå=ÇÉê=aêìÅâÑ~êÄÉ=ÇìêÅÜ=ÇáÉ=ìåÄÉÜÉáòíÉå=c~êÄòìÑΩÜêJ
ëÅÜä®ìÅÜÉ=òì=ÇÉå=wÉêëí®ìÄÉêÇΩëÉå=Üáå=îçå=sçêíÉáä=EëáÉÜÉ=h~éáíÉä=RKPFK=
aÉê= báåÑäìëë= ÇÉê= qÉãéÉê~íìê= ìåÇ= ÇÉë= sÉêÇΩååìåÖëÖê~Çë= ~ìÑ= ÇáÉ= ÄÉá= ÇÉê= wÉêëí®ìÄìåÖ= ÇÉê=





































































































MIP=ãã= ÑΩê= ÉáåÉ= qÉãéÉê~íìê= çÄÉêÜ~äÄ= îçå= TM=ø`= ~åå®ÜÉêåÇ= áå= ÉáåÉ= m~ê~ääÉäÉ= òìê= ñJ^ÅÜëÉ=
ΩÄÉêÖÉÜí=ìåÇ=ëáÅÜ=Ç~ãáí=~ëóãéíçíáëÅÜ=ÉáåÉã=ÄÉëíáããíÉå=j~ëëÉåëíêçãïÉêí=~åå®ÜÉêíK=aáÉë=
ä®ëëí=ÇáÉ=pÅÜäìëëÑçäÖÉêìåÖ=òìI=Ç~ëë=ÉáåÉ=ïÉáíÉêÉ=qÉãéÉê~íìêÉêÜ∏ÜìåÖ=ãáí=ÇÉã=wáÉä=ÇÉê=sÉêJ










ÄÉêÉáÅÜ= îçå= RIOR= Äáë= T=ÖLãáå= éêç=aΩëÉK= aÉê=ã~ñáã~ä= åçíïÉåÇáÖÉ= c~êÄã~ëëÉåëíêçãÄÉêÉáÅÜ=





ÉêêÉáÅÜí= ïÉêÇÉå= â∏ååÉåK= aáÉëÉ= sÉêãìíìåÖ= áëí= àÉÇçÅÜ= áã= h~éáíÉä=SKNKO= báÖÉåëÅÜ~ÑíÉå= ÇÉë=
c~êÄëéêΩÜë=ãáí=jÉëëïÉêíÉå=òì=ìåíÉêã~ìÉêåK=aáÉ=ïÉáíÉêÉå=j~ëëÉåëíêçãìåíÉêëìÅÜìåÖÉå=ïìêJ
ÇÉå=àÉÇçÅÜ=åìê=ÑΩê=ÇáÉ=aΩëÉ=ãáí=ÉáåÉã=aìêÅÜãÉëëÉê=îçå=MIP=ãã=ÇìêÅÜÖÉÑΩÜêíK=
cΩê= ÇáÉ= båíïáÅâäìåÖ= ÉáåÉë= péêΩÜÑ~êÄïÉêâÉë= ëí~åÇÉå= NN=aΩëÉå=ãáí= ÉáåÉã=aìêÅÜãÉëëÉê= îçå=
MIP=ãã=òìê=sÉêÑΩÖìåÖK=aáÉëÉ=j~ëëÉåëíêçãìåíÉêëìÅÜìåÖÉå=ëáåÇ=ãáí=ÇÉê=péêΩÜÉáåêáÅÜíìåÖ=ÇÉë=
Çóå~ãáëÅÜÉå=péêΩÜîÉêëìÅÜëëí~åÇÉë=ÇìêÅÜÖÉÑΩÜêí=ïçêÇÉåK=
fã= ÉêëíÉå= sÉêëìÅÜë~ÄëÅÜåáíí= ÉêÑçäÖíÉ= ÇáÉ= _ÉëíáããìåÖ= ÇÉë= c~êÄã~ëëÉåëíêçãë= áå= oÉáÜÉI= ÑΩê=
àÉÇÉ=aΩëÉ=ÉáåòÉäå=å~ÅÜÉáå~åÇÉêK=få=^ÄÄáäÇìåÖ=QQ=áëí=ÇÉê=c~êÄã~ëëÉåëíêçã=áå=^ÄÜ®åÖáÖâÉáí=








































éêçòÉëë= ÄÉ~ÅÜíÉí= ìåÇ= ÇìêÅÜ= ÇáÉ= c~êÄëíÉìÉêìåÖ= ΩÄÉê= Ç~ë= £ÑÑåÉå= ìåÇ= pÅÜäáÉ≈Éå= ÇÉê= aΩëÉå=
~ìëÖÉÖäáÅÜÉå=ïÉêÇÉåK=
få=^ÄÄáäÇìåÖ=QR=áëí=ÑΩê=ÇáÉ=òïÉá=ÄÉáëéáÉäÜ~Ñí=~ìëÖÉï®ÜäíÉå=aΩëÉå=ÇáÉ=qÉãéÉê~íìê~ÄÜ®åÖáÖJ









































































~ÄïÉáÅÜìåÖ= îçå= VIQ=B= áã=jáííÉä= PIRU=ÖLãáå= c~êÄÉK= §ÄÉê= ìåíÉêëÅÜáÉÇäáÅÜÉ= £ÑÑåìåÖëòÉáíÉå=
ÇÉê=aΩëÉå=â~åå=ÇÉê=ìåíÉêëÅÜáÉÇäáÅÜÉ=c~êÄã~ëëÉåëíêçã=áã=aêìÅâÄÉíêáÉÄ=~ìëÖÉÖäáÅÜÉå=ïÉêÇÉåK=
aΩëÉåI= ÇáÉ= Éíï~ë= ãÉÜê= c~êÄÉ= äáÉÑÉêåI= ïÉêÇÉå= òÉáíáÖÉê= ÖÉëÅÜäçëëÉåI= ìåÇ= aΩëÉåI= ÇáÉ= Éíï~ë=
ïÉåáÖÉê=c~êÄÉ=Ñ∏êÇÉêåI=ÄäÉáÄÉå=ÉáåÉ=ÇáëâêÉíÉ=wÉáí=ä®åÖÉê=çÑÑÉåK=
rã=ÉáåÉå=ÜçãçÖÉåÉå=c~êÄÑáäã=áå=ÇÉê=aêìÅâã~ëÅÜáåÉ=~ìëòìÄáäÇÉåI=ïÉêÇÉå=ÇáÉ=aΩëÉå=ëç=~åJ
ÖÉçêÇåÉíI= Ç~ëë= ëáÅÜ= ÇáÉ= péêΩÜâÉÖÉä= ÄÉå~ÅÜÄ~êíÉê= aΩëÉå= ΩÄÉêä~ééÉåK= a~ÇìêÅÜ= âçããí= Éë=


















Öê∏≈ÉåîÉêíÉáäìåÖ= áã= péêΩÜK= bë= áëí= Ç~îçå= ~ìëòìÖÉÜÉåI= Ç~ëëI= àÉ= âäÉáåÉê= ÇáÉ= qêçéÑÉå= ìåÇ= àÉ=
ÉåÖÉê=Ç~ë=qêçéÑÉåÖê∏≈ÉåëéÉâíêìã=áã=péêΩÜ=ëáåÇI=ìã=ëç=ÖäÉáÅÜã®≈áÖÉê=ìåÇ=ëÅÜåÉääÉê=áå=ÇÉê=
aêìÅâã~ëÅÜáåÉ= Éáå= îÉêÇêìÅâÄ~êÉê= c~êÄÑáäã= ÉêòÉìÖí=ïÉêÇÉå= â~ååK=^äë=j~≈= ÑΩê= ÇáÉ=dΩíÉ= ÇÉë=
péêΩÜë=ïáêÇ=ÇÉê=p~ìíÉêÇìêÅÜãÉëëÉê=ÖÉï®ÜäíK=bë=ïáêÇ=ÉáåÉ=jáåÇÉëíòáÉäÖê∏≈É=ÑΩê=ÇÉå=p~ìíÉêJ
ÇìêÅÜãÉëëÉê=îçå= ”ãOMa OLP = =ÖÉëÉíòíK=
fã=ÉêëíÉå=sÉêëìÅÜë~ÄëÅÜåáíí=áëí=òì=âä®êÉåI=ïÉäÅÜÉå=báåÑäìëë=ÉáåÉ=sÉêÇΩååìåÖ=ÇÉê=aêìÅâÑ~êÄÉ=
ãáí=S=B=jáåÉê~ä∏ä=~ìÑ=ÇáÉ=wÉêëí®ìÄìåÖëÉáÖÉåëÅÜ~ÑíÉå=Ü~íK=^äë=sÉêëìÅÜëé~ê~ãÉíÉê=ïìêÇÉå=ÇáÉ=
aΩëÉ=ãáí= MIR=ãã=aΩëÉåÇìêÅÜãÉëëÉêI= Éáå= c~êÄã~ëëÉåëíêçã=ãáí= ãáåLÖSIPã =& EO=Ä~ê=§ÄÉêJ
ÇêìÅâ=~Ä=j~íÉêá~äÇêìÅâÄÉÜ®äíÉêF=ìåÇ=Éáå=wÉêëí®ìÄìåÖëäìÑíÇêìÅâ=ãáí= Ä~êQé = =Eáå=sçêîÉêëìJ
ÅÜÉå=ÄÉëíáããíF=~äë=âçåëí~åíÉ=m~ê~ãÉíÉê=ÖÉï®ÜäíK=






































































































pçïçÜä= îÉêÇΩååíÉ= ~äë= ~ìÅÜ= ìåîÉêÇΩååíÉ= aêìÅâÑ~êÄÉ= ïÉáëÉå= Éáå= ®ÜåäáÅÜÉë= qêçéÑÉåÖê∏≈ÉåJ
ëéÉâíêìã= ~ìÑK= få= ÄÉáÇÉå= âçããÉå= âÉáåÉ= qêçéÑÉå= ãáí= ÉáåÉã= âäÉáåÉêÉå= aìêÅÜãÉëëÉê= ~äë=
NISU=”ã=îçêK= cΩê= îÉêÇΩååíÉ=aêìÅâÑ~êÄÉ= ëáåÇ=ÇáÉ=Öê∏≈íÉå= áã=péêΩÜ=îçêâçããÉåÇÉå= qêçéÑÉå=
RSIOP=”ã= áã= aìêÅÜãÉëëÉê= ãáí= ÉáåÉã= ^åíÉáä= îçå= N=BK= _Éá= ìåîÉêÇΩååíÉê= aêìÅâÑ~êÄÉ= ëáåÇ=
UIR=B=ÇÉê= qêçéÑÉå=Öê∏≈Éê= çÇÉê= ÖäÉáÅÜ= RSIOP=”ãK=aáÉ= Öê∏≈íÉå= îçêâçããÉåÇÉå= qêçéÑÉå= ëáåÇ=






êìåÖ= ÖÉòçÖÉåI= Ç~ëë= åìê= ãáí= îÉêÇΩååíÉê= aêìÅâÑ~êÄÉ= Éáå= ~ìëêÉáÅÜÉåÇ= ÑÉáåÉë= péêΩÜ= ÉêòÉìÖí=
bñéÉêáãÉåíÉääÉ=råíÉêëìÅÜìåÖÉå=ÇÉê=sÉêëìÅÜëÑ~êÄÉ=
TN=
ïÉêÇÉå= â~ååK= a~ÜÉê= ïìêÇÉå= å~ÅÜÑçäÖÉåÇ= ÄÉëÅÜêáÉÄÉåÉ= bñéÉêáãÉåíÉ= åìê= ãáí= aêìÅâÑ~êÄÉ=
ÇìêÅÜÖÉÑΩÜêíI=ÇáÉ=ãáí=S=B=jáåÉê~ä∏ä=îÉêÇΩååí=ïìêÇÉK=
få= ^ÄÄáäÇìåÖ=QV= áëí= ÇÉê= p~ìíÉêÇìêÅÜãÉëëÉê= áå= ^ÄÜ®åÖáÖâÉáí= îçå= ÇÉê= qÉãéÉê~íìê= ÑΩê= ÄÉáÇÉ=
















































































få= ^ÄÄáäÇìåÖ=RN= ëáåÇ= ÇáÉ= qêçéÑÉåÖê∏≈ÉåëéÉâíêÉå= ÑΩê= ÄÉáÇÉ= ìåíÉêëìÅÜíÉ= aΩëÉåÇìêÅÜãÉëëÉê=




































































































Farbe 80°C 0,3mm Düse























Farbe 80°C/ 0%/ Düse
0,5mm
Farbe 80°C/ Farbe 6%
verdünnt/ 0,5mm Düse

























^ìë= ÇáÉëÉå= bêÖÉÄåáëëÉå= ïáêÇ= ÇáÉ= pÅÜäìëëÑçäÖÉêìåÖ= ÖÉòçÖÉåI= Ç~ëë= ÑΩê= ÇÉå= báåë~íò= ÉáåÉë=







få= ^ÄÄáäÇìåÖ=RP= ëáåÇ= ÇáÉ= ÅÜ~ê~âíÉêáëíáëÅÜÉå= aìêÅÜãÉëëÉê= ÇÉë= péêΩÜë= áå= ^ÄÜ®åÖáÖâÉáí= ÇÉë=
wÉêëí®ìÄìåÖëäìÑíÇêìÅâÉë= Ç~êÖÉëíÉääíK= bêï~êíìåÖëÖÉã®≈= ëáåâÉå= ÇáÉ= qêçéÑÉåÖê∏≈Éå= ãáí= òìJ
åÉÜãÉåÇÉã= wÉêëí®ìÄìåÖëäìÑíÇêìÅâK= _Éá= ÉáåÉê= bêÜ∏ÜìåÖ= ÇÉë= wÉêëí®ìÄìåÖëäìÑíÇêìÅâë= ΩÄÉê=
Q=Ä~ê= âçããí= Éë=ïáÉÇÉê= òì= ÉáåÉê= wìå~ÜãÉ=ÇÉê= qêçéÑÉåÖê∏≈ÉåK=aáÉëÉë= mÜ®åçãÉå=ïìêÇÉ= ÑΩê=
wÉêëí®ìÄìåÖëäìÑíÇêΩÅâÉ=îçå=R=Ä~ê=Äáë=NM=Ä~ê=~ìÅÜ=áå=LNTL=ÑÉëíÖÉëíÉääí=ìåÇ=ïáêÇ=~ìÑ=ÇáÉ=ã~J
ñáã~äÉ= ^ìëíêáííëÖÉëÅÜïáåÇáÖâÉáí= EpÅÜ~ääÖÉëÅÜïáåÇáÖâÉáíF= ÇÉê= iìÑí= ÄÉá= ΩÄÉêâêáíáëÅÜÉê= ^ìëJ
ëíê∏ãìåÖ=òìêΩÅâÖÉÑΩÜêíK=









































ÉáÖÉåëÅÜ~ÑíÉå= îçå= fåíÉêÉëëÉK= aáÉ= qêçéÑÉåÖÉëÅÜïáåÇáÖâÉáí= Éêã∏ÖäáÅÜí= áã= ÖΩåëíáÖëíÉå= c~ää=
ÉáåÉ= Öê∏≈íã∏ÖäáÅÜÉ= dÉëí~äíìåÖëÑêÉáÜÉáí= ÇÉë= c~êÄïÉêâëK= fëí= ÇáÉëÉ= ÖÉåΩÖÉåÇ= Öêç≈I= â~åå= ÇáÉ=





îçå= àÉÇÉê= aΩëÉ= ÉáåÖÉÑ®êÄíÉå= c~êÄòçåÉåK= aáÉ= qêçéÑÉåê~íÉ= ÖáÄí= áåëÄÉëçåÇÉêÉ= ÄÉá= é~ê~ääÉäÉã=








wÉêëí®ìÄìåÖëäìÑíÇêìÅâ Ä~êQé = =
c~êÄíÉãéÉê~íìê `UM °=ϑ =
aΩëÉåÇìêÅÜãÉëëÉê ããPIMÇÇ = =
bñéÉêáãÉåíÉääÉ=råíÉêëìÅÜìåÖÉå=ÇÉê=sÉêëìÅÜëÑ~êÄÉ=
TR=
fã= ÉêëíÉå= sÉêëìÅÜë~ÄëÅÜåáíí= ïáêÇ= ÇáÉ= dÉëÅÜïáåÇáÖâÉáí= áå= ^ÄÜ®åÖáÖâÉáí= îçã= ^Äëí~åÇ= òìã=
aΩëÉå~ìëÖ~åÖ=ÄÉëíáããíK=aáÉ=jÉëëìåÖÉå=ÉêÑçäÖÉå=ÄÉá=ï~~ÖÉêÉÅÜíÉê=^åçêÇåìåÖ=ÇÉê=aΩëÉK=aáÉ=
bêÖÉÄåáëëÉ=ÇÉê=bñéÉêáãÉåíÉ= ëáåÇ= áå=^ÄÄáäÇìåÖ=RQ=Ç~êÖÉëíÉääíK= fã=o~ÜãÉå=ÇÉê=bêï~êíìåÖÉå=
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ÄáäÇìåÖ=RRK=jáí= òìåÉÜãÉåÇÉã=^Äëí~åÇ= òìê=aΩëÉå~ÅÜëÉ=åáããí=ÇáÉ= qêçéÑÉåÖÉëÅÜïáåÇáÖâÉáí=
~ÄK=aáÉ=dÉëÅÜïáåÇáÖâÉáí=ëáåâí=éêç=ãã=~ñá~äÉã=^Äëí~åÇ=~åå®ÜÉêåÇ=ìã=OIP=ãLëK=^ìë=ÇÉå=bêJ
ÖÉÄåáëëÉå= áëí= ~ÄòìäÉáíÉåI= Ç~ëë= ÇÉê= ^Äëí~åÇ= ÇÉê= aΩëÉå= ÄÉá= ^åçêÇåìåÖ=ãÉÜêÉêÉêI= é~ê~ääÉäÉê=
aΩëÉå= áå= ÉáåÉã=aΩëÉå~êê~ó= åáÅÜí= Öê∏≈Éê= ~äë= NR=ãã=ÖÉï®Üäí=ïÉêÇÉå= ëçääíÉI= Ç~= ëçåëí= ÉáåÉ=
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bë= áëí= ÉêâÉååÄ~êI= Ç~ëë= ÜáåëáÅÜíäáÅÜ= ÇÉê= qêçéÑÉåê~íÉ= Éáå= ÉêÜÉÄäáÅÜÉê= råíÉêëÅÜáÉÇ= òïáëÅÜÉå=






























































































wÉêëí®ìÄìåÖëäìÑíÇêìÅâ barp 4= =
c~êÄíÉãéÉê~íìê `UM °=ϑ =
aΩëÉåÇìêÅÜãÉëëÉê ããPIMÇÇ = =
^ñá~äÉê=aΩëÉå~Äëí~åÇ ããNRÄ~ = =
^Äëí~åÇ=aΩëÉå=òìê=t~äòÉåçÄÉêÑä®ÅÜÉ ããNMMÄáëTR~at = =
sÉêÇΩååìåÖëÖê~Ç=ÇÉê=aêìÅâÑ~êÄÉ BSsd = =
^ìë=ÇÉå=jÉëëìåÖÉå=ÇÉê=qêçéÑÉåÖê∏≈Éå=ÉêÖÉÄÉå=ëáÅÜ=ÇáÉ=m~ê~ãÉíÉê=áã=jçãÉåí=ÇÉê=wÉêëí®ìJ





Éáåíê~Ö= áå= Ç~ë= c~êÄïÉêâ= ÖÉåΩÖÉåÇ=Öêç≈= áëíK= a~ãáí= ÉêÖáÄí= ëáÅÜ= ~ìë= ÇÉå=_Éíê~ÅÜíìåÖÉå=ÇÉê=
^ìëÄáäÇìåÖ=ÉáåÉë=ÜçãçÖÉåÉå=qêçéÑÉåê~íÉåÑÉäÇÉë=EãáåÇÉëíÉë=ÑΩåÑÑ~ÅÜÉê=^Äëí~åÇF=ÇÉê=~ñá~äÉ=









ëÅÜáÉÇäáÅÜ=Öêç≈Éå= qêçéÑÉå= ~ìÑ= ÉáåÉê=lÄÉêÑä®ÅÜÉ= â~åå=ÉáåÉ= áåÜçãçÖÉåÉ=pÅÜáÅÜí= ÉåíëíÉÜÉåK=
páÉ=áëí=ìK=~K=~ÄÜ®åÖáÖ=îçå=ÇÉê=hçåëáëíÉåò=ìåÇ=ÇÉê=dê∏≈É=ÇÉê=qêçéÑÉå=ëçïáÉ=ÇÉê=âáåÉíáëÅÜÉå=
båÉêÖáÉ= LNTLK= wìê= _ÉëÅÜêÉáÄìåÖ= ÇÉê= c~êÄÑáäãÄáäÇìåÖëîçêÖ®åÖÉ= îçå= òÉêëí®ìÄíÉê= aêìÅâÑ~êÄÉ=
ìåÇ= ÇÉê= _ÉëíáããìåÖ= ÇÉê= ÉêòÉìÖíÉå= c~êÄëÅÜáÅÜíÇáÅâÉ= ëçïáÉ= ÇÉêÉå= däÉáÅÜã®≈áÖâÉáí= áëí= ÇáÉ=
hÉååíåáë= ÇÉë= sÉêÜ®äíåáëëÉë= ÇÉë= aìêÅÜãÉëëÉêë= ÉáåÉë= qêçéÑÉåë= áã= cäìÖ= òìã= ~ìëÖÉÄáäÇÉíÉå=
aìêÅÜãÉëëÉê=ÇÉë=qêçéÑÉåë=~ìÑ=ÉáåÉã=pìÄëíê~í=å~ÅÜ=ÇÉã=^ìÑíêÉÑÑÉå=åçíïÉåÇáÖK=
få= ÇÉê= iáíÉê~íìê= ïáêÇ= ÑΩê= ìåíÉêëìÅÜíÉI= åÉïíçåëÅÜÉ= cäΩëëáÖâÉáíÉå= Éáå= sÉêÜ®äíåáë= òïáëÅÜÉå=
aìêÅÜãÉëëÉê= ÉáåÉë= qêçéÑÉåë= áã= cäìÖ= òìã=aìêÅÜãÉëëÉê= ÇÉë= îçääëí®åÇáÖ=~ìëÖÉÄáäÇÉíÉå= qêçéJ
ÑÉåë=~ìÑ=ÇÉã=pìÄëíê~í=îçå=OIO=~åÖÉÖÉÄÉå=LSMLK=få=LSNL=ïÉêÇÉå=råíÉêëìÅÜìåÖÉå=ãáí=ëíêìâJ
íìêîáëâçëÉå=cäΩëëáÖâÉáíÉå=ÄÉëÅÜêáÉÄÉå=ìåÇ=Éáå=aìêÅÜãÉëëÉêîÉêÜ®äíåáë=îçå=NIS=ÉêãáííÉäíK=a~=
aêìÅâÑ~êÄÉå=Éáå=~ìëÖÉéê®ÖíÉë= ëíêìâíìêîáëâçëÉë=sÉêÜ~äíÉå=~ìÑïÉáëÉåI=åìíòíÉ=j~ìêÉê= áå= LNTL=
ÇáÉëÉå=tÉêí=ÑΩê=ëÉáåÉ=_Éíê~ÅÜíìåÖÉå=ÇÉë=báåÑäìëëÉë=ÇÉê=qêçéÑÉåÖê∏≈É=~ìÑ=ÇáÉ=_ÉëÅÜáÅÜíìåÖëJ
èì~äáí®íK= fã= å~ÅÜÑçäÖÉåÇÉå= h~éáíÉä= ÇÉê= ^êÄÉáí= ëçää= Ç~ë= aìêÅÜãÉëëÉêîÉêÜ®äíåáë= ÑΩê= ÇáÉ= îÉêJ
ïÉåÇÉíÉ=lÑÑëÉíÇêìÅâÑ~êÄÉ=ÇìêÅÜ=bñéÉêáãÉåíÉ=ãáí=báåòÉäíêçéÑÉå=ÄÉëíáããí=ïÉêÇÉåK=
SKOKN råíÉêëìÅÜìåÖÉå=~ã=báåòÉäíêçéÑÉå=
aáÉ= råíÉêëìÅÜìåÖÉå= ~ã= báåòÉäíêçéÑÉå= ïìêÇÉå= áå= òïÉá= ^ÄëÅÜåáííÉ= ìåíÉêíÉáäíK= fã= ÉêëíÉå=
pÅÜêáíí=ïìêÇÉå=ÇáÉ=qêçéÑÉå= áå= áÜêÉê=cäìÖéÜ~ëÉ= ÑçíçÖê~ÑáëÅÜ=~ÄÖÉÄáäÇÉí=ìåÇ= áã=òïÉáíÉå=qÉáä=
ÇÉê=sÉêëìÅÜÉ=ï~ê=ÇáÉ=^ÄÄáäÇìåÖ=ÇÉê=qêçéÑÉå=~ìÑ=ÉáåÉã=pìÄëíê~í=îçå=fåíÉêÉëëÉK=








































_ÉêÉÅÜåìåÖ= ÇÉë= îáêíìÉääÉå= aìêÅÜãÉëëÉêë= ÉêÑçäÖíÉ= ÑΩê= ~ääÉ= qêçéÑÉåI= ëçïçÜä= ÑΩê= ÇáÉ= áã= cäìÖ=

























Ñáäã= ïìêÇÉ= ãáí= ÉáåÉê= t~äòÉ= ~ìÑÖÉÄê~ÅÜíI= ãáí= eáäÑÉ= ÇÉë= c~êÄëÅÜáÅÜíÇáÅâÉåãÉëëê~ÇÉë= å~ÅÜ=
bêáÅÜëçå=ÖÉãÉëëÉå=ìåÇ=ÄÉíêìÖ=áå=~ääÉå=sÉêëìÅÜÉå=òïáëÅÜÉå=V=ìåÇ=NN=”ãI=ï~ë=ΩÄäáÅÜÉå=c~êÄJ
ëÅÜáÅÜíÇáÅâÉå=áã=c~êÄïÉêâ=ÉáåÉê=lÑÑëÉíÇêìÅâã~ëÅÜáåÉ=ÉåíëéêáÅÜíK==










































fã= bêÖÉÄåáë= ÇÉê= sÉêëìÅÜÉ= â~åå= ÇáÉ= ^ìëë~ÖÉ= ÖÉíêçÑÑÉå=ïÉêÇÉåI= Ç~ëë= ÇÉê=ãáííäÉêÉI= îáêíìÉääÉ=












sÉêÇΩååìåÖëÖê~Ç= lÄÉêÑä®ÅÜÉ= OU=Åã= TM=Åã= OOM=Åã=
ìåÄÉåÉíòí= OIPM=ãã= OITQ=ãã= OISO=ãã=
M=B=
ÄÉåÉíòí= OITV=ãã= OIUN=ãã= OIRT=ãã=
ìåÄÉåÉíòí= OIUP=ãã= OIVT=ãã= PINP=ãã=
S=B=







ÜÉ= êÉëéÉâíáîÉ= Ü∏ÜÉê= ïÉêÇÉåÇÉê= ^ìÑíêÉÑÑÖÉëÅÜïáåÇáÖâÉáí= ~ÄòìåÉÜãÉåK= aáÉ= bêÖÉÄåáëëÉ= ëáåÇ=
åáÅÜí=îçääëí®åÇáÖ= ëÅÜäΩëëáÖI=ï~ë=~ìÑ=ÇÉå=sÉêëìÅÜë~ìÑÄ~ì=ìåÇ=ÇáÉ=ã~åìÉääÉI= ÉñéÉêáãÉåíÉääÉ=
aìêÅÜÑΩÜêìåÖ= òìêΩÅâÖÉÑΩÜêí= ïáêÇK= báåÉ= âêáíáëÅÜÉ= _Éíê~ÅÜíìåÖ= ÇáÉëÉë= sÉêëìÅÜë~ÄëÅÜåáííÉë=
ÑçäÖí=~ã=båÇÉ=ÇáÉëÉë=h~éáíÉäëK=
^ìë=ÇÉå=áå=ÇÉå=q~ÄÉääÉå=NM=ìåÇ=NN=~åÖÉÖÉÄÉåÉå=tÉêíÉå=ä®ëëí=ëáÅÜ=ÇáÉ=ÇáãÉåëáçåëäçëÉ=hÉååJ





lÄÉêÑä®ÅÜÉ= ìåÄÉåÉíòí ÄÉåÉíòí= ìåÄÉåÉíòí= ÄÉåÉíòí=
jáííÉäïÉêí=h= NINV= NIOT= NINT= NINU=
pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=E~ÄëçäìíF= MIMUT= MIMRN= MIMQU= MIMSN=


























aáÉ= ÇáãÉåëáçåëäçëÉ=hÉååò~Üä= h=ïáêÇ= ÑΩê= ÉáåÉ= `çãéìíÉêëáãìä~íáçå= ÇÉê= c~êÄÑáäãÄáäÇìåÖëîçêJ
Ö®åÖÉ=îÉêïÉåÇÉíK=fã=bêÖÉÄåáë=ÇáÉëÉê=páãìä~íáçå=ïÉêÇÉå=ÑΩê=ÇÉå=áå=ÇáÉëÉê=^êÄÉáí=ÉñéÉêáãÉåJ




báå= c~êÄÑáäãI= ÇÉê= ÇìêÅÜ= qêçéÑÉå= ÖÉÄáäÇÉí= ïìêÇÉI=ãìëë= åáÅÜí= áÇÉ~ä= ÜçãçÖÉå= ëÉáåI= ëçåÇÉêå=










qêçéÑÉåë= òìã= wÉáíéìåâí= íM=Z=M=ãë= áå= _ÉòáÉÜìåÖ= ÖÉëíÉääí= ìåÇ= ÇáÉ= êÉä~íáîÉ= cä®ÅÜÉåòìå~ÜãÉ=



































bêï~êíìåÖëÖÉã®≈= îÉêÑäáÉ≈í= ÇáÉ= ãáí= S=B= jáåÉê~ä∏ä= îÉêÇΩååíÉ= aêìÅâÑ~êÄÉ= ~ìÑÖêìåÇ= ÇÉê= ÖÉJ
ëÉåâíÉå= sáëâçëáí®í= ëÅÜåÉääÉê= ~äë= ìåîÉêÇΩååíÉ= c~êÄÉI= Ç~ë= ÜÉá≈íI= ëáÉ= ÄáäÇÉí= ëÅÜåÉääÉê= ÉáåÉå=
ÜçãçÖÉåÉå=c~êÄÑáäã=~ìëK=aáÉëÉê=bÑÑÉâí=ïáêÇ=ÇìêÅÜ=Ç~ë=sçêÄÉåÉíòÉå=ÇÉê=lÄÉêÑä®ÅÜÉ=ÄÉÖΩåëJ
íáÖíK= aáÉëÉê= c~ää= íêáíí= ï®ÜêÉåÇ= ÇÉë= aêìÅâîçêÖ~åÖÉë= áå= ÇÉê= aêìÅâã~ëÅÜáåÉ= ~ìÑI= Ç~= ~ìÑ= ÉáåÉ=
Ñ~êÄíê~ÖÉåÇÉ=t~äòÉ=ÇáÉ=åçíïÉåÇáÖÉ=c~êÄãÉåÖÉ=å~ÅÜÖÉäáÉÑÉêí=ïáêÇK=a~ë=ëÅÜåÉääÉêÉ=sÉêÑäáÉ≈Éå=
EbáåÉÄåÉåF= îÉêÇΩååíÉê= c~êÄÉ= áå=sÉêÄáåÇìåÖ=ãáí= bêï®êãìåÖ=ìåÇ=Ç~ãáí= ÉáåÉã=ÉåÖÉêÉåI= ÑΩê=
Ç~ë=aêìÅâÉå=ÖΩåëíáÖÉêÉåI=qêçéÑÉåëéÉâíêìã=ÄáÉíÉí=ÇáÉ=j∏ÖäáÅÜâÉáíI=Ç~ë=c~êÄïÉêâ=ÇÉê=aêìÅâJ
ã~ëÅÜáåÉ= òì= îÉêâΩêòÉåK= a~= ~ÄÉê= ÇÉê= cäáÉ≈îçêÖ~åÖ= ÑΩê= aêìÅâã~ëÅÜáåÉåÖÉëÅÜïáåÇáÖâÉáí= òì=
ä~åÖë~ã=îçåëí~ííÉå=ÖÉÜíI=â~åå=~ìÑ=ÇáÉ=pé~äíJ=ìåÇ=sÉêêÉáÄìåÖëîçêÖ®åÖÉ=ìåÇ=ëçãáí=~ìÑ=ÇáÉ=
c~êÄÑáäãÄáäÇìåÖ= ÇÉë= c~êÄïÉêâÉë= åáÅÜí= Ö®åòäáÅÜ= îÉêòáÅÜíÉí= ïÉêÇÉåK= a~ë= ÜÉá≈íI= ÉáåÉ= ÇáêÉâíÉ=
báåÑ®êÄìåÖ=ÇÉê=aêìÅâÑçêã=çÇÉê=ÇÉê=c~êÄ~ìÑíê~Öëï~äòÉ=ÇìêÅÜ=ÉáåÉ=péêΩÜÉáåêáÅÜíìåÖ=áëí=ìåíÉê=
ÇÉå= ÖÉÖÉÄÉåÉå= o~åÇÄÉÇáåÖìåÖÉå= ~ìëÖÉëÅÜäçëëÉåK= a~ë= áå= h~éáíÉä= łpí~åÇ= ÇÉê= qÉÅÜåáâ“= áå=
^ÄÄáäÇìåÖ=NT=Ç~êÖÉëíÉääíÉ=hçåòÉéí=ÑΩê=ÇáÉ=båíïáÅâäìåÖ=ÉáåÉë=péêΩÜÑ~êÄïÉêâÉë=ãáí=òïÉá=c~êÄJ
~ìÑíê~Öëï~äòÉå=ìåÇ=ÉáåÉã=îçêÖÉä~ÖÉêíÉå= c~êÄêÉáÄÉêI= ~ìÑ=ïÉäÅÜÉã=ÇÉê= c~êÄÑáäã=~ìÑÖÉëéêΩÜí=


























aÉê= c~êÄÑáäãÄáäÇìåÖëîçêÖ~åÖ=ïáêÇ= áå= báåòÉäÄáäÇÑçäÖÉå= òÉáíäáÅÜ= ÉêÑ~ëëíK=rã=råíÉêëÅÜáÉÇÉ= ÑΩê=
ÇáÉ=ÉáåòÉäåÉå=sÉêëìÅÜëé~ê~ãÉíÉê= ÑÉëíëíÉääÉå=òì=â∏ååÉåI= áëí=Éë=åçíïÉåÇáÖI=Ç~ëë=ÇáÉëÉê=sçêJ
Ö~åÖ=ã∏ÖäáÅÜëí= ä~åÖë~ã=îçåëí~ííÉå=ÖÉÜíK=a~ê~ìë= êÉëìäíáÉêí= ÇáÉ=t~Üä= ÇÉë= êÉä~íáî= åáÉÇêáÖÉå=
c~êÄîçäìãÉåëíêçãëK=




äáÅÜI= ~ìÑ= àÉÇÉã= ÉáåòÉäåÉå= _áäÇ= ÇáÉ= ^åíÉáäÉ= ÇÉê= cä®ÅÜÉåÉäÉãÉåíÉ= òì= ÄÉëíáããíÉåI= ÇáÉ= ãáí=
aêìÅâÑ~êÄÉ=ÄÉÇÉÅâí=ëáåÇK=aáÉ=pìããÉ=ÇÉê=ÄÉÇÉÅâíÉå=cä®ÅÜÉåÉäÉãÉåíÉ=àÉ=_áäÇ=ïÉêÇÉ=òìê=dÉJ
ë~ãíÄáäÇÖê∏≈É= áå=_ÉòáÉÜìåÖ=ÖÉëÉíòíK=aÉê= òÉáíäáÅÜÉ=^Äëí~åÇ=òïáëÅÜÉå=òïÉá=~ìÑÉáå~åÇÉê= ÑçäJ
bñéÉêáãÉåíÉääÉ=råíÉêëìÅÜìåÖÉå=ÇÉê=sÉêëìÅÜëÑ~êÄÉ=
UU=
ÖÉåÇÉå= báåòÉäÄáäÇÉêå= ÄÉíê®Öí= O=ãë= E_áäÇ~ìÑå~ÜãÉÑêÉèìÉåò= RMM=eòFK= pçãáí= â~åå= àÉÇÉê= éêçJ
òÉåíì~äÉå= cä®ÅÜÉåÇÉÅâìåÖ= ~ìÑ= ÉáåÉã= ÄÉëíáããíÉå= _áäÇ= Éáå= ÖÉå~ìÉê= wÉáíéìåâí= òìÖÉçêÇåÉí=
ïÉêÇÉåK=



























aÉê= ÉêëíÉ= råíÉêëìÅÜìåÖëÖÉÖÉåëí~åÇ= ÄÉáåÜ~äíÉíÉ= ÇáÉ= òÉáíäáÅÜÉ= _ÉëíáããìåÖ= ÇÉë= cä®ÅÜÉåÄÉJ
ÇÉÅâìåÖëîçêÖ~åÖë= áå= ^ÄÜ®åÖáÖâÉáí= îçå= ÇÉê= c~êÄíÉãéÉê~íìê= ÄÉá= âçåëí~åíÉã= c~êÄîçäìãÉåJ
bñéÉêáãÉåíÉääÉ=råíÉêëìÅÜìåÖÉå=ÇÉê=sÉêëìÅÜëÑ~êÄÉ=
UV=









ÄÉá= Ü∏ÜÉêÉå= c~êÄíÉãéÉê~íìêÉå= ìåÇ= âçåëí~åíÉã= c~êÄîçäìãÉåëíêçã= ÇÉìíäáÅÜ= ãÉÜê= qêçéÑÉåK=
aáÉëÉ=ÇÉìíäáÅÜ=Ü∏ÜÉêÉ=^åò~Üä=~å=îçê=~ääÉã=âäÉáåÉêÉå=qêçéÑÉå=éê~ääí=ëí~íáëíáëÅÜ=ÖÉëÉÜÉå=éêç=





































òï~ê=ïÉáíÉê= E~ìÑ= T=”ãFI= ~ÄÉê= áå= ÇÉìíäáÅÜ= ÖÉêáåÖÉêÉã=j~≈ÉK=^ìÑ= ÇÉå=aìêÅÜãÉëëÉêïÉêí= îçå=
QM=ø`=ÄÉòçÖÉå=ëáåâí=ÇÉê=p~ìíÉêÇìêÅÜãÉëëÉê=êÉä~íáî=åìê=îçå=NR=B=~ìÑ=U=BK=^ìë=ÇáÉëÉã=råíÉêJ
ëÅÜáÉÇ= îçå= T=B= ~ìÑ= ÇáÉ= wÉáí~ÅÜëÉ= ÇÉë= cä®ÅÜÉåÄÉÇÉÅâìåÖëîçêÖ~åÖë= ÄÉòçÖÉå= êÉëìäíáÉêí= Éáå=
bñéÉêáãÉåíÉääÉ=råíÉêëìÅÜìåÖÉå=ÇÉê=sÉêëìÅÜëÑ~êÄÉ=
VM=
òÉáíäáÅÜÉê= råíÉêëÅÜáÉÇ= îçå= ã~ñáã~ä= T=ãëK= aáÉë= ëáåÇ= ÄÉá= ÉáåÉê= _áäÇ~ìÑå~ÜãÉÑêÉèìÉåò= îçå=



































aáÉ= ëÅÜï~êòÉ= hìêîÉ= áå=^ÄÄáäÇìåÖ=SV= òÉáÖí= ÇáÉ= íÉãéÉê~íìê~ÄÜ®åÖáÖÉ= éêçòÉåíì~äÉ= ûåÇÉêìåÖ=
ÇÉë= p~ìíÉêÇìêÅÜãÉëëÉêë= EaΩëÉåÇìêÅÜãÉëëÉê= MIP=ããF= ìåÇ= ÇáÉ= êçí= Ç~êÖÉëíÉääíÉ= hìêîÉ= ÖáÄí=
ÇáÉëÉå= wìë~ããÉåÜ~åÖ= ÇÉê= ÑΩê= ÉáåÉ= cä®ÅÜÉåÇÉÅâìåÖ= îçå= VM=B=åçíïÉåÇáÖÉå= wÉáí= í=ïáÉÇÉêK=
_ÉáÇÉ= dê∏≈Éå= ®åÇÉêå= áÜêÉ= báÖÉåëÅÜ~ÑíÉå= ìåíÉêÜ~äÄ= îçå= SM=ø`= ãáí= ëíÉáÖÉåÇÉê= qÉãéÉê~íìê=
ëÉÜê= ÇÉìíäáÅÜK= _Éá= ÉáåÉê= ïÉáíÉêÉå= qÉãéÉê~íìêÉêÜ∏ÜìåÖ= ~ìÑ= Äáë= òì= UM=ø`= áëí= ÇáÉ= ûåÇÉêìåÖ=
ÇáÉëÉê=ÄÉáÇÉå=dê∏≈Éå=ïÉëÉåíäáÅÜ=âäÉáåÉê=ìåÇ=ÄäÉáÄí=òïáëÅÜÉå=TM=ø`=ìåÇ=UM=ø`=å~ÜÉòì=âçåJ
ëí~åíK= a~ÜÉê= ãΩëëÉå= ÇáÉ= hìêîÉå= ÑΩê= SM=ø`I= TM=ø`= ìåÇ= UM=ø`= áå= ^ÄÄáäÇìåÖ=SV= å~ÜÉòì= ÇÉJ
ÅâìåÖëÖäÉáÅÜ=îÉêä~ìÑÉåK=
_Éá=ÄÉâ~ååíÉã=c~êÄîçäìãÉåëíêçã=ÇÉë=ÖÉë~ãíÉå=péêΩÜâÉÖÉäë=ä®ëëí=ëáÅÜ=^ÄÄáäÇìåÖ=SU=áå=^ÄJ
ÄáäÇìåÖ=TM= ΩÄÉêÑΩÜêÉåK= _ÉáÇÉ= ^ÄÄáäÇìåÖÉå= Ü~ÄÉå= áã= mêáåòáé= ÇáÉ= ÖäÉáÅÜÉ= ^ìëë~ÖÉI= àÉÇçÅÜ=
ÖáÄí= ^ÄÄáäÇìåÖ=SU= ^ìÑëÅÜäìëë= Ç~êΩÄÉêI= ïáÉ= ëÅÜåÉää= ÇáÉ= ÄÉçÄ~ÅÜíÉíÉ= cä®ÅÜÉ= ÄÉá= ÄÉâ~ååíÉã=






































































































Ç~ëë= ÄÉá= ÉáåÉã= wÉêëí®ìÄìåÖëäìÑíÇêìÅâ= îçå= P=Ä~ê= ÖÉåΩÖÉåÇ= wÉêëí®ìÄìåÖëÉåÉêÖáÉ= òìê= sÉêÑΩJ
















aáÉ= cê~ÖÉëíÉääìåÖÉå= å~ÅÜ= ÇÉê= ~ìëÖÉÄáäÇÉíÉå= c~êÄëÅÜáÅÜíÇáÅâÉ= ìåÇ= ÇÉêÉå= däÉáÅÜã®≈áÖâÉáí=




























íÉå= cä®ÅÜÉ= îçå= NKMMM=máñÉä=ñ=NKMMM=máñÉä= ëíçÅÜ~ëíáëÅÜ= ~ÄÖÉäÉÖíK= ^ìë= ÇÉã= qêçéÑÉåîçäìãÉå=
ìåÇ=ÇÉã=ÄÉêÉÅÜåÉíÉå=aìêÅÜãÉëëÉê=~ìÑ=ÇÉã=pìÄëíê~í=ïáêÇ=~åëÅÜäáÉ≈ÉåÇ=ìåíÉê=ÇÉê=^åå~ÜãÉ=
ÇÉê= däÉáÅÜîÉêíÉáäìåÖ= ÇÉê= c~êÄÉ= ÇáÉ= cä®ÅÜÉI= ïÉäÅÜÉê= ÇÉê= qêçéÑÉå= ~ìëÄáäÇÉíI= ìåÇ= ÇáÉ= c~êÄJ
ëÅÜáÅÜíÇáÅâÉ=ÄÉëíáããíK=a~ë=ÜÉá≈íI=Éë=ïáêÇ=îÉêÉáåÑ~ÅÜí=~åÖÉåçããÉåI=Ç~ëë=Éáå=qêçéÑÉå=ÉáåÉ=
ÄÉëíáããíÉ= cä®ÅÜÉ=ãáí= ÉáåÉê= c~êÄëÅÜáÅÜí= âçåëí~åíÉê=aáÅâÉ=ÄÉÇÉÅâíK=^ìë=ÇÉã=^Ää~ÖÉçêí= ÇÉë=
qêçéÑÉåë=áå=ÇÉê=cä®ÅÜÉ=ìåÇ=ÇÉëëÉå=dê∏≈É=ïáêÇ=áå=àÉÇÉã=máñÉäI=ïÉäÅÜÉë=ÇÉê=qêçéÑÉå=ÄÉêΩÜêíI=
ÇáÉ=c~êÄëÅÜáÅÜíÇáÅâÉ=ÖÉëéÉáÅÜÉêíK=qêÉÑÑÉå=òìÑ®ääáÖ=òïÉá=çÇÉê=ãÉÜêÉêÉ=qêçéÑÉå=áå=ÉáåÉã=máñÉä=









å~ÅÜÉáå~åÇÉê= ~ìÑ= ÇÉê=ãáí= aêìÅâÑ~êÄÉ= òì= ÄÉÇÉÅâÉåÇÉå= cä®ÅÜÉ= ä~åÇÉåK= a~ë= ÉåíëéêáÅÜí= åáÅÜí=
ÇÉå=dÉÖÉÄÉåÜÉáíÉå=ÇÉë=êÉ~äÉå=wÉêëí®ìÄìåÖëîçêÖ~åÖëI=ÄÉá=ÇÉã=òÉáíÖäÉáÅÜ=ò~ÜäêÉáÅÜÉ=qêçéÑÉå=
ÉåíëíÉÜÉå=ìåÇ=ÇáÉëÉ=ëçãáí=~ìÅÜ=ÖäÉáÅÜòÉáíáÖ=~ìÑ=ÇÉê=òì=ÄÉëéêΩÜÉåÇÉå=t~äòÉåçÄÉêÑä®ÅÜÉ=áã=




































âä®êÉåI= ïÉäÅÜÉë= aìêÅÜãÉëëÉêîÉêÜ®äíåáë= Éñ~âíÉêÉ= bêÖÉÄåáëëÉ= ìåÇ= ÉáåÉ= ÄÉëëÉêÉ= §ÄÉêÉáåëíáãJ
ãìåÖ=ãáí=ÇÉå=ÉñéÉêáãÉåíÉää=ÖÉïçååÉåÉå=a~íÉå=äáÉÑÉêíK=fffK=ÄÉíê~ÅÜíÉí=ÇÉå=péÉòá~äÑ~ää=ÉáåÉë=
ãçåçÇáëéÉêëÉå=péêΩÜëI=Ç~ëë=ÜÉá≈íI=Ç~ë=ÖÉë~ãíÉ=péêΩÜ=ÄÉëíÉÜí=åìê=~ìë=ÉáåÉê=qêçéÑÉåÖê∏≈É=
ìåÇ=ÇáÉ= êÉä~íáîÉ=_êÉáíÉ=ïáêÇ= òì=kìääK=^äë= ÅÜ~ê~âíÉêáëíáëÅÜÉê=aìêÅÜãÉëëÉê=ïìêÇÉ=ÇÉê=p~ìíÉêJ
ÇìêÅÜãÉëëÉê=ÖÉï®ÜäíK=få=fsK=ïìêÇÉ=ÇáÉ=^ìÑíêÉÑÑÑä®ÅÜÉ=ëç=ïÉáí=îÉêÖê∏≈ÉêíI=Ç~ëë=ÇáÉ=^Äã~≈É=



















pÅÜçå= ~åÜ~åÇ= ÇáÉëÉê= a~êëíÉääìåÖ= ä®ëëí= ëáÅÜ= ÉêâÉååÉåI= Ç~ëë=ãáí= ëíÉáÖÉåÇÉê= qÉãéÉê~íìê= ÇáÉ=
qêçéÑÉåÖê∏≈É=ëáåâíI=ÇáÉ=^åò~Üä=âäÉáåÉêÉê=qêçéÑÉå=ÇÉìíäáÅÜ=òìåáããí=ìåÇ=ÇáÉ=Ç~ê~ìë=Éåíëí~åJ
ÇÉåÉ= c~êÄëÅÜáÅÜíÇáÅâÉ= ÖÉêáåÖÉê= ëçïáÉ= ÇáÉ= c~êÄëÅÜáÅÜíÇáÅâÉåîÉêíÉáäìåÖ= ÜçãçÖÉåÉê=ïáêÇK= få=
àÉÇÉã= máñÉä= ÇÉë= _áäÇÉë= áëí= ÇáÉ= fåÑçêã~íáçå= ΩÄÉê= ÇáÉ= c~êÄëÅÜáÅÜíÇáÅâÉ= ÖÉëéÉáÅÜÉêíK= a~ê~ìë=
ÉêÑçäÖíÉ=ÇáÉ=_ÉêÉÅÜåìåÖ=ÇÉê=ãáííäÉêÉå=c~êÄëÅÜáÅÜíÇáÅâÉ=ΩÄÉê=ÇáÉ=ÖÉë~ãíÉ=cä®ÅÜÉK=aáÉ=bêÖÉÄJ
åáëëÉ=ÇÉê=c~êÄëÅÜáÅÜíÇáÅâÉåÄÉëíáããìåÖ=ëáåÇ=áå=^ÄÄáäÇìåÖ=TQ=Ç~êÖÉëíÉääíK=bêï~êíìåÖëÖÉã®≈=
ëáåâí= ÇáÉ= aáÅâÉ= ÇÉê= c~êÄëÅÜáÅÜí=ãáí= òìåÉÜãÉåÇÉê= qÉãéÉê~íìêI= Ç~=ãáí= ÉáåÉê= bêÜ∏ÜìåÖ= ÇÉê=
c~êÄíÉãéÉê~íìê= ÉáåÉ=sÉêêáåÖÉêìåÖ=ÇÉê= qêçéÑÉåÖê∏≈Éå= áã=péêΩÜ=ÉáåÜÉêÖÉÜíK=táêÇ=ÄÉá= QM=ø`=

























































































































ãáí= pÅÜáÅÜíÇáÅâÉå= îçå= òìã= qÉáä= ÇÉìíäáÅÜ= ΩÄÉê= NMM=”ãK= aÉå= bêÖÉÄåáëëÉå= áã= ìåíÉêëìÅÜíÉå=
m~ê~ãÉíÉêÑÉåëíÉê= ÑçäÖÉåÇI= áëí= ÑΩê= ÇáÉ= båíïáÅâäìåÖ= ÉáåÉë= péêΩÜÑ~êÄïÉêâë= áå= ÉáåÉê= aêìÅâã~J
ëÅÜáåÉ=ÉáåÉ=^êÄÉáíëíÉãéÉê~íìê=îçå=UM=ø`=ÑΩê=ÇáÉ=aêìÅâÑ~êÄÉ=áã=jçãÉåí=ÇÉê=wÉêëí®ìÄìåÖ=òì=



















ÅÜÉ= c~êÄîçäìãáå~= ÄÉå∏íáÖíK= wìê= _ÉêÉÅÜìåÖ= ÇÉë= ÑìåâíáçåÉääÉå= wìë~ããÉåÜ~åÖÉë= òïáëÅÜÉå=

















ïáÉ= Éêï~êíÉíI= ïÉåáÖÉê= c~êÄîçäìãÉå= òìê= _ÉÇÉÅâìåÖ= ÇÉê= ÄÉíê~ÅÜíÉíÉå= cä®ÅÜÉ= ÄÉå∏íáÖíK= aáÉ=
ÄÉáÇÉå= hìêîÉå= ÑΩê= TM=ø`= ìåÇ= UM=ø`= îÉêä~ìÑÉå= Ñ~ëí= ÇÉÅâìåÖëÖäÉáÅÜI= ï~ë= ~ìÑ= Ç~ë= ®ÜåäáÅÜÉ=






















































ÖäÉáÅÜÉåÇÉå=_ÉìêíÉáäìåÖ=ÇÉê=dΩíÉ=ÇÉê= ÉêòÉìÖíÉå= c~êÄëÅÜáÅÜíÉå=ÄÉá=UM=ø`=ìåÇ=QM=ø`= áëí= Éë=
ëçãáí=åçíïÉåÇáÖI=Ç~ë=ÖäÉáÅÜÉ=c~êÄîçäìãÉå=~ìÑ=ÇáÉ=ÄÉíê~ÅÜíÉíÉ=cä®ÅÜÉ=~ìÑòìÄêáåÖÉåK=aáÉëÉê=
råíÉêëìÅÜìåÖëÖÉÖÉåëí~åÇ= ïìêÇÉ= áå= páãìä~íáçåëëÅÜêáíí= s= ÑΩê= QM=ø`= ÇìêÅÜÖÉÑΩÜêíK= ^äë= ^ÄJ
ÄêìÅÜâêáíÉêáìã=ÇÉê=páãìä~íáçå=ïìêÇÉ=Ç~ë=c~êÄîçäìãÉå=ÖÉï®ÜäíI=ïÉäÅÜÉë=ÄÉá=UM=ø`=ÑΩê=ÉáåÉ=
cä®ÅÜÉåÄÉÇÉÅâìåÖ=îçå=VM=B=åçíïÉåÇáÖ=áëíK=a~ë=bêÖÉÄåáë=áëí=áå=^ÄÄáäÇìåÖ=UM=Ç~êÖÉëíÉääíK=cΩê=
~ääÉ= ÑΩåÑ= báåòÉäëáãìä~íáçåÉå=ïìêÇÉ= ÄÉá= QM=ø`= ÇìêÅÜëÅÜåáííäáÅÜ= ÉáåÉ= cä®ÅÜÉåÄÉÇÉÅâìåÖ= îçå=
ìåÖÉåΩÖÉåÇÉå= PM=B= ÉêêÉáÅÜíK= aáÉ= c~êÄëÅÜáÅÜí= ÄÉá= QM=ø`=ïÉáëí= c~êÄÉêÜÉÄìåÖÉå= îçå= Äáë= òì=
SP=”ã=~ìÑI=ï~ë=ÇÉã=aêÉáÑ~ÅÜÉå=ÇÉê=ã~ñáã~äÉå=c~êÄëÅÜáÅÜíÇáÅâÉ=ÄÉá=UM=ø`=ÉåíëéêáÅÜíK==
=

































































cΩê= ÇÉå= sÉêÖäÉáÅÜ= ÇÉê= ÉñéÉêáãÉåíÉää= ÉêãáííÉäíÉå= wìë~ããÉåÜ®åÖÉ= ÇÉë= c~êÄÑáäãÄáäÇìåÖëîçêJ
Ö~åÖë=ãáí=ÇÉå=ÅçãéìíÉêÖÉëíΩíòí=ÖÉïçååÉåÉå=a~íÉå=áëí=páãìä~íáçåëëÅÜêáíí=fs=ÇìêÅÜÖÉÑΩÜêí=




få=^ÄÄáäÇìåÖ=TM= áëí=ìK= ~K= ÑΩê=ÇáÉ=ÄÉáÇÉå=ÖÉå~ååíÉå=qÉãéÉê~íìêÉå=ÇÉê= cä®ÅÜÉåÄÉÇÉÅâìåÖëJ
îçêÖ~åÖ=áå=^ÄÜ®åÖáÖâÉáí=ÇÉë=îÉêëéêΩÜíÉå=c~êÄîçäìãÉåë=ÑΩê=ÇÉå=ÖÉë~ãíÉå=péêΩÜâÉÖÉä=Ç~êÖÉJ
ëíÉääíK=aáÉ=cä®ÅÜÉ=ÇÉë=ÖÉë~ãíÉå=péêΩÜâÉÖÉäë=áëí=ïÉëÉåíäáÅÜ=Öê∏≈Éê=~äë=ÇáÉ=cä®ÅÜÉ=ÇÉë=áã=bñJ





ÇáÖáí~äáëáÉêíK= jáí= eáäÑÉ= ÇÉê= _áäÇ~ìëïÉêíìåÖëëçÑíï~êÉ= fÖçêmêç= âçååíÉ= ëçãáí= ÇÉê= péêΩÜâÉÖÉäJ
ÇìêÅÜãÉëëÉê=ÄÉëíáããí=ïÉêÇÉåK=_Éá=ÄÉâ~ååíÉã=péêΩÜâÉÖÉäÇìêÅÜãÉëëÉê=â~åå=ÇáÉ=péêΩÜâÉÖÉäJ




















o~Çáìë=péêΩÜâÉÖÉä=E at~Gí~åo θ= F NNIPV=ãã=




ÅÜÉ= bêÖÉÄåáëK= a~= ÄÉáÇÉ= _ÉêÉÅÜåìåÖÉå= ~ìë= ìåíÉêëÅÜáÉÇäáÅÜÉåI= ÖÉíêÉååí= îçåÉáå~åÇÉê= ÄÉJ























ÇáÉ= ÄÉáÇÉå= ÖÉå~ååíÉå= qÉãéÉê~íìêÉå= ÇáÉ= ìãÖÉêÉÅÜåÉíÉå= hìêîÉå= ÇÉë= bñéÉêáãÉåíë= îÉêÖäÉáJ
ÅÜÉåÇ=ãáí= ÇÉå= bêÖÉÄåáëëÉå= ÇÉê= páãìä~íáçåK= aÉê= sÉêÖäÉáÅÜ= ÇÉê= hìêîÉå= òïáëÅÜÉå= páãìä~íáçå=
ìåÇ=bñéÉêáãÉåí=òÉáÖí=ÑΩê=ÄÉáÇÉ=qÉãéÉê~íìêÉå=ÉáåÉ=ÖìíÉ=§ÄÉêÉáåëíáããìåÖK=a~ë=ÇÉìíÉí=Ç~ê~ìÑ=



































íáçåëÉêÖÉÄåáëëÉå= ìåÇ= ÇÉå= ÉñéÉêáãÉåíÉää= ÉêãáííÉäíÉå= wìë~ããÉåÜ®åÖÉå= ÖáÄí= Éë= ^ÄïÉáÅÜìåJ




åÉå= ÇáÉ= ÉáåÖ~åÖë= ÇáÉëÉë= h~éáíÉäë= ÖÉíêçÑÑÉåÉå= ^åå~ÜãÉå= ëÉáåI= ÇáÉ= ÇáÉ= êÉ~ä= îçêäáÉÖÉåÇÉå=
p~ÅÜîÉêÜ~äíÉ=åáÅÜí=îçääëí®åÇáÖ=ÄÉëÅÜêÉáÄÉåK=báåÉ=òïÉáíÉ=ã∏ÖäáÅÜÉ=_ÉÖêΩåÇìåÖ=ÑΩê=ÇÉå=c~êÄJ
ãÉåÖÉåìåíÉêëÅÜáÉÇ=áëí=Ç~ë=áå=ÇÉê=páãìä~íáçå=~ìëÖÉï®ÜäíÉ=qêçéÑÉåÖê∏≈ÉåëéÉâíêìãK=få=^ÄÄáäJ
ÇìåÖ=UO= ëáåÇ= ÑΩê= QM=ø`= ÇáÉ= qêçéÑÉå~åò~ÜäîÉêíÉáäìåÖ= ÇÉë= ÖÉãÉëëÉåÉå= qêçéÑÉåÖê∏≈ÉåëéÉâíJ
êìãëI= ïÉäÅÜÉë= ~äë= ÉáåÉ= báåÖ~åÖëÖê∏≈É= ÑΩê= ÇáÉ= páãìä~íáçå= îÉêïÉåÇÉí= ïìêÇÉI= ìåÇ= Ç~ë= îçã=




ÇáÉ=jÉëëïÉêíÉ= îçå= ÇÉå= áå= ÇÉê= páãìä~íáçå= ~ìëÖÉï®ÜäíÉå=tÉêíÉå= ~ÄïÉáÅÜÉåK= aáÉëÉ=^ìëë~ÖÉ=
ìåíÉêëíΩíòÉå= ÇáÉ= ìåíÉêëÅÜáÉÇäáÅÜÉå= sÉêä®ìÑÉ= ÇÉê= ÄÉáÇÉå= aìêÅÜÖ~åÖëâìêîÉåK= a~ë= ÜÉá≈íI= ÇáÉ=






























































































































































































ëÉÜê= ÖìíÉ= aêìÅâÉêÖÉÄåáëëÉ= áëí= ÇáÉ= ^ìëÄáäÇìåÖ= ÉáåÉë= ã∏ÖäáÅÜëí= ÜçãçÖÉåÉå= c~êÄÑáäãë= áã=
c~êÄïÉêâ=ÉáåÉê=aêìÅâã~ëÅÜáåÉK=_Éá=sÉêïÉåÇìåÖ=îçå=íÉÅÜåáëÅÜÉå=wÉêëí®ìÄÉêåI= áå=ÇáÉëÉê=^êJ
ÄÉáí= ïìêÇÉå= wïÉáëíçÑÑÇΩëÉå= ®ì≈ÉêÉê=jáëÅÜìåÖ= îÉêïÉåÇÉíI= ÉåíëíÉÜí= áããÉê= Éáå= qêçéÑÉåÖê∏J
≈ÉåëéÉâíêìãK= a~ë= ÜÉá≈íI= ÄÉá= ÇÉê= wÉêëí®ìÄìåÖ= ÉåíëíÉÜí= ÉáåÉ= sáÉäò~Üä= îçå= qêçéÑÉå= ìåíÉêJ
ëÅÜáÉÇäáÅÜÉê=dê∏≈ÉK=báå=j~≈= ÑΩê=ÇáÉ=dΩíÉ=ÇÉë=péêΩÜë= áëí=ÇáÉ= êÉä~íáîÉ=_êÉáíÉK=gÉ=âäÉáåÉê=ÇáÉ=
êÉä~íáîÉ= _êÉáíÉ= ïáêÇI= ìãëç= ÉåÖÉê= áëí= Ç~ë= qêçéÑÉåÖê∏≈ÉåëéÉâíêìãK= aÉê= fÇÉ~äÑ~ää= äáÉÖí= îçêI=
ïÉåå=ÇáÉ=êÉä~íáîÉ=_êÉáíÉ=kìää=ïáêÇ=ìåÇ=Ç~ë=péêΩÜ=~ìëëÅÜäáÉ≈äáÅÜ=~ìë=qêçéÑÉå=ÖäÉáÅÜÉê=dê∏≈É=
ÄÉëíÉÜíK=aáÉëÉê=fÇÉ~äÑ~ää=EãçåçÇáëéÉêëÉê=c~ääF=ïáêÇ=áå=ÇÉê=aêìÅâíÉÅÜåáâ=òK=_K=îçå=ÇÉê=fåâJgÉí=




cΩê= ÉáåÉ=tÉáíÉêÑΩÜêìåÖ= ÇÉë= qÜÉã~ë= łpéêΩÜÑ~êÄïÉêâÉ“= ÑΩê= ÇÉå= lÑÑëÉíÇêìÅâ= çÇÉê= ÑΩê= ~åÇÉêÉ=
âä~ëëáëÅÜÉ=aêìÅâîÉêÑ~ÜêÉå=áëí=Éë=îçêëíÉääÄ~êI=péêΩÜíÉÅÜåáâ=òì=ÉåíïáÅâÉäåI=ïÉäÅÜÉ=áå=ÇÉê=i~ÖÉ=
áëíI=qêçéÑÉå=ÖäÉáÅÜÉê=dê∏≈É=òì=ÉêòÉìÖÉåK=rã=îçê~ìëë~ÖÉå=òì=â∏ååÉåI=ïÉäÅÜÉå=bÑÑÉâí=Éáå=ãçJ
åçÇáëéÉêëÉë= péêΩÜ= ~ìÑ= ÇáÉ= ^ìëÄáäÇìåÖ= ÉáåÉë= c~êÄÑáäãë= ìåÇ= ÇÉëëÉå= däÉáÅÜã®≈áÖâÉáí= ï~ÜêJ


















c~êÄíêçéÑÉå= òìêΩÅâòìÑΩÜêÉå= áëíK= fã=ãçåçÇáëéÉêÉëÉå= c~ää= áëí= ëÅÜçå= ÄÉá= SM=ø`= òì= ÉêâÉååÉåI=
















































ÖäÉáÅÜÉå= tÉêíÉ= ~ìÑïÉáëíK= báåÉ= ÇÉìíäáÅÜÉ= ^ÄïÉáÅÜìåÖ= íêáíí= åìê= ÄÉá= ÉáåÉê= qÉãéÉê~íìê= îçå=
RM=ø`=~ìÑK=^ìÑÖêìåÇ=ÇÉê=bêòÉìÖìåÖ=ÖÉêáåÖÉêÉê=pÅÜáÅÜíÇáÅâÉå=ÇìêÅÜ=Éáå=péêΩÜ=ÖäÉáÅÜÉê=qêçéJ
ÑÉåÖê∏≈É=ï®êÉ= ÑΩê= ÇÉå=ãçåçÇáëéÉêëÉå= c~ää= Éáå= âäÉáåÉêÉê=tÉêí= îçå=~= òì= Éêï~êíÉå=ÖÉïÉëÉåK=
tÉåå= ~= ÑΩê= ÄÉáÇÉ= c®ääÉ= ~åå®ÜÉêåÇ= ÇáÉ= ÖäÉáÅÜÉ= dê∏≈ÉåçêÇìåÖ= ~ìÑïÉáëíI= ïáêÇ= ÄÉá= ÖäÉáÅÜÉã=







































































































































ÇÉåÉå= qêçéÑÉå= êÉéê®ëÉåíáÉêí= ìåÇ= ÇáÉëÉê= ~äë= ÅÜ~ê~âíÉêáëíáëÅÜÉê= aìêÅÜãÉëëÉê= ÖÉï®Üäí=ïìêÇÉI=
ãΩëëÉå= ÑΩê= ÄÉáÇÉ= ëáãìäáÉêíÉå= c®ääÉ= ÇáÉ= cä®ÅÜÉåÇÉÅâìåÖëJL= c~êÄîçäìãÉåâìêîÉå= ~åå®ÜÉêåÇ=
ÇÉÅâìåÖëÖäÉáÅÜ=îÉêä~ìÑÉåK=a~ëë=áã=ãçåçÇáëéÉêëÉå=c~ää=ÑΩê=ÇáÉ=ÖäÉáÅÜÉ=cä®ÅÜÉåÇÉÅâìåÖ=ÇÉìíJ
äáÅÜ=ïÉåáÖÉê= qêçéÑÉå= ÄÉå∏íáÖí=ïÉêÇÉåI= Ü~í= ÇÉå= sçêíÉáäI= Ç~ëë= îçå= ÉáåÉã= òì= ÉåíïáÅâÉäåÇÉå=
wÉêëí®ìÄìåÖëëóëíÉã=ïÉåáÖÉê=c~êÄíêçéÑÉå=éêç=wÉáíÉáåÜÉáí=ÉêòÉìÖí=ïÉêÇÉå=ãΩëëÉåK=







ÖÉëÅÜïáåÇáÖâÉáíÉå= ìåÇ= cçêã~íÄêÉáíÉå= îáÉäÑ~ÅÜ= éêç= pÉâìåÇÉ= òì= sÉêÑΩÖìåÖ= ÖÉëíÉääí= ïÉêÇÉåK=
aáÉëÉ= q~íë~ÅÜÉå=ã~ÅÜÉå= ÇáÉ= båíïáÅâäìåÖ= ÉáåÉê= wÉêëí®ìÄìåÖëÉáåêáÅÜíìåÖ=ãáí= ÇÉã= wáÉä= ÇÉê=
bêòÉìÖìåÖ=ÉáåÉë=ãçåçÇáëéÉêëÉå=péêΩÜë=~ìë=ÜçÅÜîáëâçëÉê=lÑÑëÉíÇêìÅâÑ~êÄÉ=ìåêÉ~äáëíáëÅÜK=














wìê= báåëÅÜ®íòìåÖ=ÇÉê=^êÄÉáíëïÉáëÉ=ìåÇ=ÇÉê= ÉêêÉáÅÜÄ~êÉå=aêìÅâèì~äáí®í=ãáí= ÉáåÉã= áå=ÇáÉëÉê=
^êÄÉáí= ÉåíïáÅâÉäíÉå= péêΩÜÑ~êÄïÉêâ= ïÉêÇÉå= ìãÑ~åÖêÉáÅÜÉ= aêìÅâîÉêëìÅÜÉ= ÇìêÅÜÖÉÑΩÜêíK= aáÉ=
sÉêëìÅÜÉ=ìåíÉêíÉáäÉå=ëáÅÜ=àÉïÉáäë=áå=òïÉá=_ÉêÉáÅÜÉK=wìã=ÉáåÉå=ïáêÇ=ÇáÉ=c~êÄÉ=ΩÄÉê=Éáå=âçåJ
îÉåíáçåÉääÉë=t~äòÉåÑ~êÄïÉêâ=~ìë=ÉáåÉã=c~êÄâ~ëíÉå=ãáí=cáäãï~äòÉ=ÇÉê=aêìÅâéä~ííÉ=òìÖÉÑΩÜêí=
ìåÇ= òìã=~åÇÉêÉå=ÉêÑçäÖí=ÇÉê= c~êÄÉáåíê~Ö=ΩÄÉê=Ç~ë=péêΩÜÑ~êÄïÉêâK=a~ÇìêÅÜ= áëí=Éë=ã∏ÖäáÅÜI=
ÄÉáÇÉ=c~êÄïÉêâëî~êá~åíÉå=ÜáåëáÅÜíäáÅÜ=ÇÉê=ÉêêÉáÅÜÄ~êÉå=aêìÅâèì~äáí®í=ÇáêÉâí=ãáíÉáå~åÇÉê=òì=


























îÉêÜ®äí= ëáÅÜ= ÇáÉ= qçåïÉêíòìå~ÜãÉ= íóéáëÅÜ= ÑΩê= Ç~ë= lÑÑëÉíÇêìÅâîÉêÑ~ÜêÉåK= bêï~êíìåÖëÖÉã®≈=
























aáÉ= aêìÅââÉååäáåáÉå= ÇÉê= ÄÉáÇÉå= c~êÄïÉêâëî~êá~åíÉå= ÑΩê= S=BáÖ= îÉêÇΩååíÉ=aêìÅâÑ~êÄÉ= Ü~ÄÉå=
ÇÉå=ÖäÉáÅÜÉå=sÉêä~ìÑ= E~åå®ÜÉêåÇ=ÇÉÅâìåÖëÖäÉáÅÜFK=aáÉëÉë=bêÖÉÄåáë=ÇÉìíÉí=Ç~ê~ìÑ=ÜáåI=Ç~ëë=







òìå~ÜãÉ= ~ìÑ= dêìåÇ= ÇÉë= Ü∏ÜÉêÉå= jáåÉê~ä∏ä~åíÉáäë= áå= ÇÉê= aêìÅâîçêëíìÑÉ= ÄÉ~ÅÜíÉí= ïÉêÇÉå=
ãìëëK=
UKP ^ìÑä~ÖÉåÇêìÅâ=ãáí=~ÅÜí=aΩëÉå=
wìê= _ÉëíáããìåÖ= ÇÉê= `Ü~ê~âíÉêáëíáâ= ÇÉê= báåÑ®êÄìåÖ= ÉáåÉë= péêΩÜÑ~êÄïÉêâÉë= ãáí= ~ÅÜí= aΩëÉå=
EÉåíëéêáÅÜí=~ÅÜí=c~êÄòçåÉåF=ïáêÇ= áã=òïÉáíÉå=sÉêëìÅÜë~ÄëÅÜåáíí=Éáå=sçääíçåÇêìÅâ=ΩÄÉê=ÉáåÉ=
^ìÑä~ÖÉ=îçå=URM=bñÉãéä~êÉå=ÖÉÇêìÅâíK=wìê=^ìëïÉêíìåÖ=ïáêÇ=àÉÇÉë=RMK=bñÉãéä~ê=ÜÉê~åÖÉòçJ














































































ÇáÅÜíÉíçäÉê~åò= îçå= S=B= ëí~ííÜ~ÑíK= k~ÅÜ= LQRL= áëí= ÑΩê= ÇÉå= ^ìÑä~ÖÉåÇêìÅâ= ÉáåÉ= ëí~íáëíáëÅÜÉ=




báå= îçääÑä®ÅÜáÖ= ÖÉÇêìÅâíÉê= sçääíçå= ÄÉÇÉìíÉí= ÑΩê= ÇÉå= c~êÄÑäìëë= áã= c~êÄïÉêâ= ÉáåÉê= aêìÅâã~J











ÄÉêÉáÅÜÉ=ïÉÅÜëÉäå= ëáÅÜ=ΩÄÉê= ÇáÉ=aêìÅâÄêÉáíÉ= ~Ä=ìåÇ= ëáåÇ=ΩÄÉê= ÇÉå=rãÑ~åÖ=ÇêÉáã~ä= ÇÉê~êí=











êÉ= Eî=Z=OIRãLëF=ìåÇ=ΩÄÉê= PKMMM=bñÉãéä~êÉ= Eî=Z=RIMãLëF= ~ÄÖÉÇêìÅâíK=aáÉ=ìåíÉêëÅÜáÉÇäáÅÜÉå=
aêìÅâÖÉëÅÜïáåÇáÖâÉáíÉå=ÑΩê=Ç~ë=péêΩÜÑ~êÄïÉêâ=ÉêÑçêÇÉêå=~ìÑÖêìåÇ=ÇÉê=ìåíÉêëÅÜáÉÇäáÅÜ=ÜçÜÉå=
c~êÄ~Äå~ÜãÉ= éêç= wÉáíÉáåÜÉáí= ìåíÉêëÅÜáÉÇäáÅÜÉ= c~êÄîçäìãÉåëíê∏ãÉ= ÇìêÅÜ= ÇáÉ= aΩëÉåK= báåÉ=
sçêÉáåëíÉääìåÖ=ÉêÑçäÖí=ΩÄÉê=ÇÉå=~åÖÉäÉÖíÉå=aêìÅâ=~ã=j~íÉêá~äÇêìÅâÄÉÜ®äíÉêK=aáÉ=cÉáåÉáåëíÉäJ






















































ÖÉ= ÄÉá= ÉáåÉê= aêìÅâã~ëÅÜáåÉåÖÉëÅÜïáåÇáÖâÉáí= îçå= OIR=ãLë= ~ìÑÖÉÑΩÜêíK= wìê= ^ìëïÉêíìåÖ= ÇÉë=
ëéêΩÜÉåÇÉå=c~êÄÉáåíê~ÖÉë=ÄÉá=R=ãLë=ïìêÇÉå=ÇáÉ=bñÉãéä~êÉ=RMM=Äáë=PKMMM=ÜÉê~åÖÉòçÖÉåI=Ç~=
~ã=aêìÅâ~åÑ~åÖ=Éíï~ë=òì=îáÉä=c~êÄÉ=ÖÉÑ∏êÇÉêí=ïìêÇÉK=aáÉ=êÉä~íáîÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=äáÉÖí=








léíáëÅÜÉ=aáÅÜíÉ=xJz= NITV= NISM= NIQN=








ÇáÉëÉã= qÜÉã~= ~å= mêçÇìâíáçåëã~ëÅÜáåÉå= ìåíÉê= êÉ~äÉå= mêçÇìâíáçåëÄÉÇáåÖìåÖÉå= òì= ÄÉëí®íáJ
ÖÉåK==
wïÉáíÉê= dÉÖÉåëí~åÇ= ÇÉê= ^ìëïÉêíìåÖ= ÇÉê= aêìÅâîÉêëìÅÜÉ= ãáí= ÇÉê= PñPJqÉëíÇêìÅâÑçêã= E^ÄÄáäJ
ÇìåÖ=VQF= ëáåÇ= ÇáÉ= o~ëíÉêíçåÑä®ÅÜÉåK= bë= ïáêÇ= ~ìÑ= àÉÇÉê= ~ìëÖÉïÉêíÉíÉå= aêìÅâéêçÄÉ= áå= àÉÇÉê=
o~ëíÉêíçåÑä®ÅÜÉ=òïÉáã~ä=ÇÉê=o~ëíÉêíçåïÉêí=ÄÉëíáããí=ìåÇ=ΩÄÉê=ÇáÉ=ÖÉë~ãíÉ=^ìÑä~ÖÉ=ÇÉê=jáíJ
íÉäïÉêí=ÖÉÄáäÇÉíK=aáÉ=bêÖÉÄåáëëÉ=ëáåÇ=áå=^ÄÄáäÇìåÖ=VS=Ç~êÖÉëíÉääíK=^ìÑÖêìåÇ=ÇÉê=bêÑ~ÜêìåÖÉå=












































= = L~ìë=QQL= hçåîÉåíáçåÉää= péêΩÜJOIR=ãLë= péêΩÜJRIM=ãLë=
wìå~ÜãÉ= NS=B= NM=B= OO=B= OT=B=
QM=B=
qçäÉê~åò= ±=P=B= œ=OIVN=B= œ=OIPS=B= œ=QITO=B=
wìå~ÜãÉ= NM=B= NM=B= NU=B= NU=B=
UM=B=




få= ÇÉå= q~ÄÉääÉå=NT= ìåÇ=NU= ïÉêÇÉå= òìê= ~ÄëÅÜäáÉ≈ÉåÇÉå= báåëÅÜ®íòìåÖ=jáâêçëâçé~ìÑå~ÜãÉå=
ÖÉòÉáÖíX= àÉïÉáäë=ÉáåÉ=^ìÑå~ÜãÉ=ÇÉê=aêìÅâéä~ííÉI=ÉáåÉê=âçåîÉåíáçåÉää=ÖÉÇêìÅâíÉå=mêçÄÉ=ìåÇ=
































få= q~ÄÉääÉ=NU= ïÉêÇÉå= ÇáÉ= o~ëíÉêÑÉäÇÉê= ÑΩê= QM=B= ìåÇ= TM=B= cä®ÅÜÉåÇÉÅâìåÖ= ÄÉá= NMMJÑ~ÅÜÉê=


















ëÅÜáåÉ= äáÉÖÉå= ÇáÉ= pÅÜï~åâìåÖëíçäÉê~åòÉå= ÇÉê= çéíáëÅÜÉå= aáÅÜíÉ= ÄÉá= ÇÉå= ëéêΩÜÖÉÇêìÅâíÉå=
mêçÄÉå= áã= ^ìÑä~ÖÉåÇêìÅâ= Ü∏ÜÉêK= aáÉë= áëí= Ü~ìéíë®ÅÜäáÅÜ= ~ìÑ= ÇáÉ= ÖÉêáåÖÉ= ^åò~Üä= ~å= c~êÄJ




















m~ê~ãÉíÉê= áëí= Ç~ë= ÉåíëíÉÜÉåÇÉ= qêçéÑÉåÖê∏≈ÉåëéÉâíêìã=ÉáåÉê=ãáí=eáäÑÉ= ÉáåÉê= wïÉáëíçÑÑÇΩëÉ=
















îçå= ÇÉê= qÉãéÉê~íìêI= îçå= ÇÉê= pÅÜÉêê~íÉ= ìåÇ= îçã= sÉêÇΩååìåÖëÖê~Ç= ÄÉëíáããíK= aìêÅÜ= ÉáåÉ=
qÉãéÉê~íìêÉêÜ∏ÜìåÖ=~ìÑ=UM=ø`I=áå=sÉêÄáåÇìåÖ=ãáí=ÇÉê=wìÖ~ÄÉ=îçå=S=B=jáåÉê~ä∏ä=òìê=ÇçëÉåJ





íÉå= qêçéÑÉåÖê∏≈ÉåI= Ç~ë= qêçéÑÉåÖê∏≈ÉåëéÉâíêìãI= ÇáÉ= dÉëÅÜïáåÇáÖâÉáí= ÇÉê= c~êÄíêçéÑÉå= ìåÇ=
ÇÉê=péêΩÜïáåâÉä=ÄÉëíáããíK=^åÜ~åÇ=ÇÉê=bêÖÉÄåáëëÉ=ïáêÇ=Éáå=^êÄÉáíëÑÉåëíÉê=ÑΩê=Éáå=péêΩÜÑ~êÄJ
ïÉêâ= îçêÖÉëÅÜä~ÖÉåK= bë= ïáêÇ= ÉáåÉ= aΩëÉ= ãáí= ÉáåÉã= aΩëÉåÇìêÅÜãÉëëÉê= îçå= MIP=ãã= ~ìëÖÉJ
ï®ÜäíI= ïÉáä= Ç~ãáí= Éáå= p~ìíÉêÇìêÅÜãÉëëÉê= îçå= T=”ã= ÉêòÉìÖí= ïáêÇI= ï~ë= ÇÉìíäáÅÜ= ìåíÉê= ÇÉê=










òìã=qÉáä= ÉêÜÉÄäáÅÜ=îçå= êÉ~äÉå=_ÉÇáåÖìåÖÉå=ÄÉá=ÇÉê= wÉêëí®ìÄìåÖ=îçå=aêìÅâÑ~êÄÉ=~ÄïÉáÅÜíI=















ÉáåêáÅÜíìåÖ= ïìêÇÉ= áå= ÉáåÉ= i~ÄçêÇêìÅâã~ëÅÜáåÉ= îçã= qóé= i~Äçêj^k= EoçääÉåçÑÑëÉíÇêìÅâã~J







âçåîÉåíáçåÉääÉå= c~êÄïÉêâ= ÇÉê= ÖäÉáÅÜÉå= aêìÅâã~ëÅÜáåÉ= ®ÜåäáÅÜ= ÖìíÉ= aêìÅâÉêÖÉÄåáëëÉK= aáÉ=
êÉä~íáîÉ= pí~åÇ~êÇ~ÄïÉáÅÜìåÖ= ÇÉê= çéíáëÅÜÉå= aáÅÜíÉ= îçå= sçääíçåÑÉäÇÉêå= ÉáåÉë= ÖÉÇêìÅâíÉå=





få= q~ÄÉääÉ= NV= ïÉêÇÉå= ÄáäÇÜ~Ñí= ~å= ÇêÉá= ~ìëÖÉï®ÜäíÉå= sçääíçåÇêìÅâÄÉáëéáÉäÉå= ÇáÉ= båíïáÅâJ
äìåÖëëí~ÇáÉå=ÇÉë=péêΩÜÑ~êÄïÉêâë=ÅÜêçåçäçÖáëÅÜ=ÖÉòÉáÖíK=a~ÄÉá=áëí=òì=ÉêâÉååÉåI=Ç~ëë=òì=_ÉJ
Öáåå=ÇÉê=^êÄÉáíÉå=Éáå=òìã=aêìÅâÉå=áã=lÑÑëÉíÇêìÅâ=ìåÖÉåΩÖÉåÇ=ÑÉáåÉë=péêΩÜ=îçêä~ÖI=ïÉäÅÜÉë=
òì= ìå~âòÉéí~ÄäÉå= aêìÅâÉêÖÉÄåáëëÉå= ÑΩÜêíÉK= fã= bêÖÉÄåáë= ÇÉê= áå= ÇáÉëÉê= ^êÄÉáí= Ç~êÖÉäÉÖíÉå=


























ëÅÜ~ÑíäáÅÜ=ïÉáíÉêÉåíïáÅâÉäí= ìåÇ=ãΩåÇÉíÉå= áå= ÉáåÉê= ÉêëíÉå= âçåëíêìâíáîÉå=^ìëÖÉëí~äíìåÖ= ÑΩê=
ÇáÉëÉå=åÉìÉå=c~êÄïÉêâëíóéK=^ã=båÇÉ=ÇÉê=^êÄÉáí=ïìêÇÉ=ÇÉê=ÑìåâíáçåÉääÉ=k~ÅÜïÉáë=áå=aêìÅâJ
îÉêëìÅÜÉå=ÉêÄê~ÅÜíK=
^ìëÖÉÜÉåÇ= îçå= ÇÉå= îçêäáÉÖÉåÇÉå= hÉååíåáëëÉå= ìåÇ= bêÑ~ÜêìåÖÉå= ÉêÖáÄí= ëáÅÜ= ïÉáíÉêÉê= cçêJ
ëÅÜìåÖëJ=ìåÇ=båíïáÅâäìåÖëÄÉÇ~êÑK=_Éá=ÇÉê=éåÉìã~íáëÅÜÉå=wÉêëí®ìÄìåÖ=ÉåíëíÉÜí= áããÉê=Éáå=

















ÇÉå= áåÇìëíêáÉääÉå= báåë~íò= ÉáåÉë= péêΩÜÑ~êÄïÉêâë=ïáêÇ=ÜáåëáÅÜíäáÅÜ=ÇÉê= c~êÄÑ∏êÇÉêìåÖ=~ìë= ÉáJ













báåÉ= jçíáî~íáçå= ÑΩê= Ç~ë= péêΩÜÑ~êÄïÉêâ= ÄÉëíÉÜí= áå= ÇÉã= wáÉäI= ÉáåÉ= ëìàÉí~ÄÜ®åÖáÖÉI= òïÉáJ
ÇáãÉåëáçå~äÉ=c~êÄëíÉìÉêìåÖ=EëáÉÜÉ=^ÄÄáäÇìåÖ=NUF=òì=êÉ~äáëáÉêÉåK=a~ÑΩê=áëí=Éë=~ìë=páÅÜí=ÇÉë=
^ìíçêë= åçíïÉåÇáÖI= ÉáåÉ= c~êÄïÉêâëâçåÑáÖìê~íáçå= ëç= ~ìëòìÖÉëí~äíÉåI= Ç~ëë= ÄÉá= sÉêïÉåÇìåÖ=
ÉáåÉê=c~êÄ~ìÑíê~Öëï~äòÉ=ÇáÉëÉ=Ñçêã~íÖêç≈=òìã=mä~ííÉåòóäáåÇÉê=áëíK=cΩê=ÇÉå=báåë~íò=ãÉÜêÉêÉê=
c~êÄ~ìÑíê~Öëï~äòÉåI= ï~ë= ÑΩê= ÇáÉ= ÉêêÉáÅÜÄ~êÉ= aêìÅâèì~äáí®í= îçå= sçêíÉáä= ï®êÉI= ëçääíÉ= ÇÉêÉå=












ëáÅÜíäáÅÜ= ÇÉë= áåÇìëíêáÉääÉåI=ïáêíëÅÜ~ÑíäáÅÜÉå= báåë~íòÉë= îçå= péêΩÜÑ~êÄïÉêâÉå= áå=lÑÑëÉíÇêìÅâJ

































LNSL= =qÉëÅÜåÉêI= eKW= fåÑçêã~íáçåëîÉê~êÄÉáíìåÖ= lÑÑëÉíÇêìÅâíÉÅÜåáâ= qÉÅÜåçäçÖáÉå= ìåÇ=tÉêâJ
ëíçÑÑÉ=áå=ÇÉê=aêìÅâáåÇìëíêáÉI=c~ÅÜëÅÜêáÑíÉåJsÉêä~Ö=cÉääÄ~ÅÜI=NVUVK=






LNVL= nìÉêîÉäI= mK= iKW= ^åáäçñJlÑÑëÉí= Ó= ÇáÉ= pÅÜïÉêáåÉê= sçäâëòÉáíìåÖ= òáÉÜí= _áä~åòK= wÉáíìåÖëJ
íÉÅÜåáâ=Ó=fco^I=eÉÑí=kçîÉãÄÉêI=pÉáíÉ=TM=Äáë=TSI=NVVSK=

















LOUL= qêçÉëÅÜI= eK= ^KW= aáÉ= wÉêëí®ìÄìåÖ= îçå= cäΩëëáÖâÉáíÉåK= `ÜÉãáÉJfåÖÉåáÉìêJqÉÅÜåáâI= OSI=
kêK=SI=NVRQK=
LOVL= iÉÑÉÄîêÉI=^K=eKW=^íçãáò~íáçå=~åÇ=péê~óëK=eÉãáëéÜÉêÉ=mìÄäáëÜáåÖ=`çêéçê~íáçåI=NVUVK=
LPML= _~ìÅâÜ~ÖÉI= hKW= a~ë= wÉêëí®ìÄÉå= ~äë= dêìåÇîÉêÑ~ÜêÉåK= `ÜÉãáÉJfåÖÉåáÉìêJqÉÅÜåáâ= SOI=
kêK=UI=pK=SNPJSORI=NVVMK=




















kÉï= fåâáåÖ= råáí= `çåÅÉéíëK= OåÇ= fåíÉêå~íáçå~ä= póãéçëáìã= çå= mêáåíáåÖ= ~åÇ= `ç~íáåÖ=
qÉÅÜåçäçÖóI=pï~åëÉ~I=mVJN=Äáë=mVJNOI=OMMMK=


















LROL= båÖÉäã~ååI= iKW= m~ííÉÅ= Ó= cçêãÉäå= ìåÇ= q~ÄÉääÉåK= mÉíÉÅ= dÉëÉääëÅÜ~Ñí= ÑΩê= _áäÇìåÖ= ìåÇ=
qÉÅÜåáâI=NVVQK=
LRPL= _ÉáíòI=tKI=dêçíÉI=hKJeKW=aìÄÄÉä= Ó= q~ëÅÜÉåÄìÅÜ= ÑΩê= ÇÉå=j~ëÅÜáåÉåÄ~ìK= NVK=^ìÑä~ÖÉI=
péêáåÖÉê=sÉêä~Ö=NVVTK=


















LSNL= _∏ÜãI= `KI= tÉáëëI= aKI= qêçéÉ~I= `KW= jìäíáJaêçéäÉí= áãé~Åí= çåíç= ëçäáÇ= ï~ääëW= aêçéäÉíJ
aêçéäÉí=áåíÉê~Åíáçå=~åÇ=Åçääáëáçå=çÑ=âáåÉã~íáÅ=ÇáëÅçåíáåìáíáÉëI=^ååì~ä=`çåÑÉêÉåÅÉ=çå=






































































































































^åÜ~åÖ=P= òÉáÖí= ÇáÉ=aìêÅÜãÉëëÉêîÉêÜ®äíåáëëÉ= îçå=ÇÉê=j~íÉêá~ä~ìëíêáííë∏ÑÑåìåÖ=~ã=j~íÉêá~äJ
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5%-VT-konv
5%-VT-sprüh
=
^åÜ~åÖ=UW=sÉêÖäÉáÅÜ=âçåîÉåíáçåÉääL=ëéêΩÜ=~åÜ~åÇ=îçå=sçääíçåÑä®ÅÜÉå=Ecä®ÅÜÉå~åíÉáä=R=BF=
=
